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Nesta tese é explorado o tema do projeto de sisteamplexos, aplicado no campo
da atencdo basica em salde, mais precisamenteali@cav do risco dos pacientes, com
implicacdes na triagem para o atendimento. Comaopespecifico foi abordada a tomada
de decisdo na priorizacdo e triagem de pacieniessentido da elaboracdo de meios
informatizados que permitam uma classificacao serimais confiavel, precisa, adequada,
como contrapartida de eficiéncia e tornando o thabaa saude primaria mais confortavel

para os trabalhadores, como contrapartida de b&an-es

O contetdo empirico foi elaborado a partir de etaftey em unidades de atencao
basica que possuem a Estratégia Saude da familisgséorco de pesquisa que soma
aproximadamente 300 horas de trabalho. Este esémggjou a producao de cinco artigos

cientificos, todos publicados ou em processo deae\por periddicos internacionais.

Tais resultados ressaltam os efeitos do contextoesa tomada de decisdo na
triagem de pacientes. Por este viés foi possivieleatiar como a engenharia cognitiva
ajuda a incorporar esses aspectos na concepcaoerdaméntas de suporte e,

consequentemente, no aprimoramento do processalddho.
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In this thesis, we explore the theme of complextesys design, employed in
primary health care, specifically in patient ridsassment, with implications for triage and
assistance. As a specific topic, we approachedsid@cmaking aspects on patient
prioritization and triage, in order to enable th@eeption of information technology to
support more reliable, precise, and adequate Bskessment, increasing efficiency and

making work in primary health care more comfortdbleworkers.

Empirical data was collected through ethnographstadlies in primary health care
facilities that perform the Brazilian Family Healtre Strategy. The research effort
comprises approximately 300 hours of work. Suclorefenabled the writing of five

scientific papers, all of them published or und=siew by international journals.

The results emphasize the effects of context oeerstbn-making in patient triage.
This approach pointed out how cognitive engineenray help incorporate such aspects in

the design of support tools and, consequently, avgmwork processes.
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1 Introduction

The simpler way to imagine how organizations wakby examples like airports,
power plants, gas stations, etc. Therefore, whenveamts to transform organizations, the
regular thing to do is to split those systems ihsystems in order to understand them by

the study of their parts, which seems not justdalgibut easier.

Although this approach has worked well for tradiib systems, not all system
design problems can be addressed through decomoposat it may result in the loss of
important information about interactions among tbenponents of the system. Moreover,
in complex systems like health care no one hasathbority or resources to design the
system completely, thus, these kinds of systemsllyshave these design limitations
(ROUSE, 2000; HOLLNAGEL e WOODS, 2005).

Furthermore, the outcomes of a complex system ayee rthan the sum of the
resulting parts of an eventual decomposition. Télealiour of a complex system emerges
from the interaction among the agents, and it'®roftbon-linear and unpredictable over
time. Thus, as the elements and their behaviourcckhaageable, the relationships among

them are also non-linear and sensitive to smalhgbs.

Humans in complex systems respond to their enviegrirby using internal rules.
These rules are expressed as instincts, constamaddsmental models. For example, health
care professionals explore the patient's complaiopsnions about what harms them,
concerns, and expectations (PLSEK e GREENHALGH,120 addition, in health care
systems, a large number of workers — or kinds ayeuis like providers, patients, and other
stakeholders — do not focus only in providing adgguassistance to people, but also in

their own personal interests.

Moreover, there are conflicting interests amongettalders and workers, and there
are different definitions of quality. Therefore, eev assuming that all agents are well

intentioned, the levels of health care assistamogiged are never as good as they might



be, since the outcomes might be compromised andases of delivering these outcomes
might be higher than they should (ROUSE, 2008).

If and when possible, complex systems should bégaded, rather than emerge.
However, the only way to understand how a compyestesn works is to observe it in order
to collect data about its behaviour, e.g. how tlgstesn tackles unexpected events.
However, unexpected events do not occur very oftaus, they are difficult to observe,

although they modify significantly the behaviourtbé system.

Designing products and services is not a big proldier most mature companies.
However, in health care systems it's impossibledotrol the preferences, current or past
health conditions, or background of people seelasgistance. Moreover, as complex
systems self-organize, no one can impose an ow@#mal design (ROUSE, 2008). Thus,
one cannot assume that agents will be able to neattegcomplexity of the system, and,
therefore, the design should be focused on managicly complexity by providing ways of

monitoring and influencing system performance.

Design should begin with the recognition that thealth care work situation
includes all stakeholders, whether they are patjembrkers, or government agencies. This
overall understanding of the system should be pbthiwith focus on increasing

complexity in ways it can be managed.

In order to cope with the reality of complexityhealth care systems, we present in
this thesis the contributions of the ergonomics hachan factors discipline — through a
cognitive engineering approach — to the desigruppert devices, tools and processes. We
focus our study in the patient triage process, asceonsider this process an essential

element of care, once it is the first contact dfgrds with the system.

In the next subsections of this introduction chapte explain the research problem
and questions addressed by this thesis. The eniamciaf the research problem describes
the directions of the thesis and provides an irsigh its conceptual significance.
Following, we present the motivation, exploringhigher level of detail the relevance of
the research problem for the Brazilian health sy&em. The research settings section,

where we give an overview of the Brazilian heakthecsystem and general overview of the
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family healthcare strategy, complements the expians of the relevance. We describe the

structure of the thesis in the subsection 1.5.

1.1 Research Problem, Significance, and Objective

Understanding human work in complex systems isantivial job. Observing and
describing the interplay between extremely depenhdemponents is mandatory in the
analysis of the behavior of the system, althougtsehaspects are very hard to observe.
Events and relationships have to be understoodmnatbntext, and control and adaptability
must be present in the description of the syste@LIENAGEL e WOODS, 2005).

This thesis is situated in the health care dom@inpe more specific, in patient
triage in the Brazilian Family Healthcare Stratd§yHS), the major strategy for primary
health care in Brazil (MINISTERIO DA SAUDE, 2008h primary health care, assistance
occurs in the edge of the system, i.e. relationsudt between patients and health care
workers are essential aspects of care. Enablisgstténario involve diverse interfaces like
administration of health care organizations, workcpsses, and relationships between
agents of the system, where critical issues likemyotion of health and prevention of
diseases emerge (SCHREIBER, PEDUALlal, 1999).

Thus, in order to cope with the scenario of indrggasomplexity in health care, and
the resulting difficulties for the design of suppaevices, the improvement of work
situations, and mitigation of harmful situationsr foealth care workers, the research
problem addressed by this thesis is structuredlswvs

* Research topic: in this thesis we study the dewimiaking in the
prioritization and triage of patients in primaryalita care;

* Major research question: we address this topigderoto understand how to
design suitable support tools, devices, and preseskat enable more
reliable and precise patient triage, prioritizaficend risk assessment,
reducing workload, and making work in primary healcare more
comfortable for workers;

» Significance: This work is relevant to the extdmttwill help its readers in

understanding how ergonomics and human factorsavepthe design of



technologies that increase human performance addcee errors and
problems in patient triage in primary health care.

Specific features in complex systems makes thericulif to be supported by
technology, since design for such work environmetegsnands techniques capable or
tackling variability, uncertainty, emergence, ande tdependence among systems’

components and variables.

Thus, this thesis has the objective of describimgmpsing contributions from
cognitive engineering to the design for complexi@achnical systems, applied in the
health care domain. We believe that the ergonoamcshuman factors discipline plays an
important role as a provider of methods, concepitsl techniques to describe work in
complex environments, and, thus, enabling the demngl implementation of more suitable

support devices.

1.2 Research (Sub) Questions
As we can see in section 1.1, our research probtenprises the following research

guestion, which we call oumajor research question

How can one design suitable support tools, deviaed, processes that enable
more reliable and precise patient triage, pricaiian, and risk assessment, reducing

workload, and making work in primary health carerencomfortable for workers?

In order to show how existing methodologies carresklour research problem, our
major research question has been split into thuestgpns — or sub questions, as we can see

below:

* How can one improve work situations and design sttpgevices in order to
improve the risk assessment process in primaryttheate?

* How can one enhance requirements specificationg€dorplex systems in
order to enable the design of more adherent, rolamst resilient computer

support?



» How can health care workers’ practices, protocatgntal models, and
decision making be embedded into an inference macliapable of
providing a decision support tool in order to imygFowork situations in

patient risk assessment in primary health care?

Initially, we address the problem of finding ways huild consistent real work
descriptions of the patient triage processes inptitaary health care domain, in order to
foster the design of improved work situations angp®rt devices. By Addressing the
second research question, we believe that soft@aggneering can take advantage of
human factors and ergonomics, which fits betweandrusciences and technology design
and brings techniques to improve the understandingow people work, enabling the
design of better technology

The third research question is addressed in omldind out ways of building
decision support tools that improve the patierdgei process in ways that health care
workers are able to get access to reliable indinatof patients’ conditions. By addressing
this question we are able to understand the berefill limitations of technological tools in

supporting decision-making in patient triage impary health care.

In the results chapter (chapter 5) we present Bulbrsections, addressing each
research (sub) question. Each section correspmndsscientific paper. It's important to
highlight that two papers were written to addrdss third research question; hence the

results chapter incorporates four scientific papers

1.3 Motivation

The Brazilian health care system - SUS, acronymPortuguese forUnified
Healthcare System is one of the largest and broader health caremsgsin the world. It
has been created to reach all kinds of healthassistance — from outpatient to emergency
care, as well as vaccination. It is comprehensivg aniversal to the entire Brazilian

population.

As such aspects have been stated in the Braziiastitution, one can imagine how
hard it is to ensure health care coverage to thieegmopulation of Brazil, a huge country

with approximate 8,000.000 km? of area — much obitered by rain forest - and more than
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200 million people — almost 50 million in extremglgor conditions. Thus, it is right to say
that the SUS does not cover the entire populatibh acceptable levels of care, therefore,

failing constitutional precepts.

Difficulties faced by local assistance programst tiraplement the strategies
established by the SUS, occur in all levels, eifficdlties in taking health care to
inhospitable areas in the Amazon forest, diffi@dtito gather reliable data to support
decision-making, and difficulties in using suchal&i provide good medical assistance to

people in clinics, hospitals, and other kinds ddlttecare facilities.

Moreover, as any sociotechnical systems, the heath field is also under the
pressure of the modern world, especially the teldgical ones (KOSTER, 2008). Thus,
many attempts to use technological support in healre work environments have
happened and continue to happen, transforming wituktions, with repercussion in how
health care services are delivered to the society.

Transforming work situations in healthcare is esgBcdifficult because work in
health care relies on the competencies of expanis,those experts demand autonomy in
the performance of their tasks. Therefore, perspnaferences, moral values, individual
decisions inevitably affect how activities are penied (DUSSAULT, 1992).

Furthermore, primary health care in Brazil has besdhe most relevant source for
health care assistance. Professionals interviewedgithe elaboration of this thesis have
confirmed that the FHS is the care strategy thapleeprefer, although there is still some
cultural aspects that hamper the proper functiomhthe strategy, e.g. people still don't
understand perfectly the distinction between pnmand emergency care. Anyway, as
more people will demand this kind of assistancesittns on the system tend to rise, and
health care worker will need better support medrasito cope with this situation.

Thus, the motivation of this thesis lies in ouriékthat, as health care is a highly
complex sociotechnical systems, the design of bstteport technology and processes will
be useful for workers in these environments. Weehaosen the patient triage process due

to its importance for patient reception and for pihe@per functioning of primary care, as bad



patient triage overloads the system, increasesvéiste of resources, and results in risk for

patients and workers.

We believe that the ergonomics and human fact@dpline can be helpful in the
design of tools, devices, and processes more atietpavork situations in patient triage,
therefore workers will be able to assess patieatslitions more comfortably, with less

errors, and, therefore, provide better care to lgeop

1.4 Research Settings

Established in the Brazilian Constitution, the asce® health care services in Brazil
must be comprehensive and universal, enabling prioma@rotection, and recovering, with
priority given to prevention, but with no loss tgsetance services. Thus, regarding
priority to preventive actions, the Brazilian hbattare framework introduces the Family

Healthcare Strategy (FHS) as its major strategypfinary healthcare.

FHS is a shift on the primary health care assigtanodel, introducing actions for
health promotion and disease prevention throughdéfmition of territorial range and the
creation of assistance clinics called primary Headire facilities, or PHFs (MINISTERIO
DA SAUDE, 2006). Moreover, a family health carerreeomprises:

* One physician;

* One nurse;

* Two orderlies;

* One dentist;

* One dentistry assistant;

* Six to 12 community health care agents.

In order to make the range of services broader,mpdove the coordination of the
many actions necessary to a comprehensive levaksittance, the primary health care
facilities must be integrated to the rest of theistance network, especially when patients

need more complex kinds of assistance and treatment

The coordination of such actions demands technedofpr clinical management,

communication procedures and devices, and integrati services to ensure the continuity
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of patient assistance (ESCOREL, GIOVANELLAet al, 2007). The relation between
patients and healthcare services, the health-agispaxess, must not be led by only one
professional category. It is usual, if not mandatthat patients relate to various kinds of
professionals during their life.

Regarding work processes, a healthcare systemdsnaglex as industrial systems,
although initially we could think of it as a comf@ly distinct system. Just like any other
area, work in health care systems suffers impautispressures (especially technological

ones) imposed by the modern world context.

While providing healthcare assistance to patiemyfessional skills are a
determinant factor for success. In this case wiendlhat health care systems — publically or
privately held — are extremely dependent of slait&l specialties that their professionals
possess, many of them obtained through academaa#gdn — and, in consequence, of the

protocols that each profession has developed.

Furthermore, in primary health care, actions antiies occur “upon the edge of
the healthcare system” and involve many interfdistgveen planning and management of
the system and its work processes, arising estestiaes about assistance, such as
promotion of health and prevention of disease (SEBER, PEDUZZl.et al, 1999) s.

This means that the user of the system — the patiea directly involved, like
“clients”, not only demanding services, but helpitm develop new services and/or
customizing them on demand. In primary health ¢theepatient interferes directly in the

way workers develop.

1.5 Structure of the Thesis
This thesis contains seven chapters. Followingititreduction chapter, we present
the conceptual framework, where we describe thentisg disciplines that provided the

major concepts incorporated in this work.

Thus, we describe in chapter two the essentiatoiplex sociotechnical systems,
starting from Bertalanffy’s general systems the@ERTALANFFY, 1975), and then

describing specific theories that address complexXllowing we present concepts related



to cognitive engineering inside the ergonomics hadhan factors discipline. Finally, we
describe an essential component of this thesiscdaheepts of triage, prioritization and risk
assessment. Such concepts are presented bothaeraemys, and specific for the health

care domain.

In chapter three we present the methodologies suyni@ance this thesis starts with
four research questions, it resulted in four sdientapers — each one addressing a research
guestion, and one extra paper to address the tis@hrch question. Thus, in the chapter
three we describe the methodological approach tsedidress each research question —

and, consequently, each scientific paper and chapte

The first approach presented in chapter three gefefErgonomic Work Analysis
(EWA). Following, we present Vicente’'s Cognitive YKoAnalysis (CWA) framework
(VICENTE, 1999) and its foundations. Finally, wesdebe concepts of the Fuzzy Sets

Theory and fuzzy logic.

Chapter four is dedicated to a literature reviewnducted in order to collect
scientific evidence on related work, i.e. studikattalso explore the design for patient
triage and risk assessment in the health domaougifr ergonomics and human factors.
This literature review followed a systematic methadd resulted in a scientific paper as
well. We present the results of the literature eawclassified in four types of outcomes for

selected studies, as follows:

» Design of risk assessment decision support fortimezgdre: papers fit this
class when the outcomes propose the implementatinaew tools to support
decision making in health care risk assessment situktions;

» Design frameworks, processes, and methods forassiessment in health
care: this class relates to publications which onmes present frameworks
or processes applied to the design of risk assedsmerk situations in
health care environments;

 Recommendation or implementation of improvementsisk assessment

work situations in health care: This class of ootes is met by articles



suggesting transformations in the work place, emvirent, or equipment, or
processes in risk assessment work situations ithhesre;

* Analysis of the impacts of new technologies or peses to risk assessment
in health care: this class is met by articles thasent studies about the
implications of transformations made by new deviaad/or processes for

risk assessment in health care environments.

Chapter five presents the results, i.e., the paperduced in order to address the
research questions stated in this thesis. Althouglpresent three research questions, one
extra paper was written to address the third rebequestion. This extra paper appears in
the chapter 5.4.

Therefore, the correlation between chapters anelrek question is structured as

follows:

* Chapter 5.1: How can one improve work situationd aesign support
devices in order to improve the risk assessmentesoin primary health
care?

» Chapter 5.2: How can one enhance requirementsfiga¢icns for complex
systems in order to enable the design of more adhemobust, and resilient
computer support?

* Chapters 5.3 and 5.4: How can health care workenattices, protocols,
mental models, and decision making be embeddediminference machine
capable of providing a decision support tool inesrdo improve work

situations in patient risk assessment in primagjthecare?

All papers have been either published or submatedifull citation for each paper is
presented in the corresponding chapter’s foreword.

We remember that the literature review chapter edsalted in on scientific article.
Thus, we present a summary of all papers produmethifs thesis, and status on the date of
completion of this thesis in the Table 1-1.
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Table 1-1: Summary of scientific articles producedor this thesis

Title of Article

Status

Date of
submission/acceptance/publishing

Designing for Risk Assessment in Primary HealtheCar
literature review

“IMIR
Minor
this

Accepted by

Factors” journal.
underway while
completed

Humar
reviews

thesis is

Accepted in January, 2016

Designing for Patient Risk Assessment in Primarglthe
Care: a case study for ergonomic work analysis

Published in “Cognition,|
Technology, and Work” journal

Published in January, 2016

Contributions  from  Cognitive  Engineering
Requirements Specifications for Complex Sociotedin
Systems: a case study in the context of healtt

oPublished in the “Human Facto
in HealthCarg”

and Ergonomics
Proceeding

sPublished in August, 2015

Supporting Decision Making in Patient Risk AssessimeUnder review by “lIE Transaction

Using a Hierarchical Fuzzy Model

on Occupational
Human Factors” journal

5 Submitted in February 2016
Ergonomic and

A Fuzzy AHP Approach for Risk Assessment on Fa
Health Care nr

iliPublished in “Advances in Human Published in August, 2014

Aspects of Healthcare”
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2 Conceptual Framework

In this chapter we present an overview of the glses that were incorporated as
the conceptual framework of this thesis. Such dlsw@s provide concepts and theories that

guided the development of this work.

We begin with an explanation on complex socioteclinisystems, presenting
foundations and related concepts; then, we prememverview of cognitive ergonomics,
also with foundations and related concepts, esipecagnitive systems engineering, is in
the basis of this thesis. Finally, we describedibrecepts that help in situating this thesis, as
the concepts we have incorporated are applied fiematriage, prioritization and risk

assessment.

2.1 Complex Sociotechnical Systems
The General Systems Theory (BERTALANFFY, 1975) ®sdthe abstract

organization of phenomena, regardless their forch @nfiguration. It investigates all the
principles of complex entities, and models that lbarused for their description. Moreover,
every system is sociotechnical, since they alwayswise people and their devices,
although it is necessary to distinguish betweenesys where the technology has the
central role, and systems in which people are resipte for determining what is done and
how work occurs (HOLLNAGEL e WOODS, 2005).

According to Bertalanffy, a system is an organizssdity consisting of a set of
elements and interactions. Bertalanffy also sttasthere are models, principles and laws
that can be applied to systems in general, regssdé their type, nature of the elements

that compose them, or their relations.
Thus, according to the general systems theoryesysbrganize in two categories:

* Open Systems: self-regulatory systems that perfmermanent interactions
with the environment, generating positive and neggateedbacks. Their
self-regulatory mechanisms make them keep the2rniad organization, thus

evolving in an increasingly complex way;
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» Closed systems: systems that work isolated fronir tevironment, in
increasing entropy, i.e., those systems which aisniack of interaction
and synergy, generating disorder.

Regulatory actions occur in order to make the systeerational at a given time
interval. Therefore, even with the intrinsic orraxsic interference of external or internal
agents the system is able to keep its purposesANEnhd CARVALHO, 2008).

Thus, the self-regulation of systems is a spir@cpss in which a portion of the
system outputs is fed back, serving as input fersgame system. While the positive self-
regulation increases fluctuations in system opemapromoting changes that affect its
stability, negative self-regulation outweigh theiadons observed in order to stabilize the
operation of the system.

Furthermore, no work activity occurs solely. Acties take place in sociotechnical
system through the interactions between people,tébbnology, and the organization.
Therefore, the operation of systems depends eabgrin their socio-technical features.
Thus, systems are, most of all, characterized lgyr thurpose, structure, or function.
Purpose is defined by the organization of systezogiponents in order to achieve a goal,
forming an organized structure by linking functions

Regardless of whether the application is autonomaugechnological system is
always embedded in a sociotechnical context. Esgstem has been designed, constructed,
and used by people. Every system produces sometlhiin@n intended use, therefore with
an intended user (HOLLNAGEL e WOODS, 2005). Thisvisat makes it possible for a

system to be represented and supported by a devinachine or a set of rules.

Figure 2-1 presents the layers of a complex sodwieal system, showing that, in
order to achieve the desired level of performance,only the capabilities and limitations
of the individual must be understood, but also ititeractions with the technical system
must considered. Moreover, social-organizationeldis also play a crucial role in system
performance (VICENTE, 1999).

13



/ Environment Context \

/ Organizational/Management/
Infrastructure

/ Workers \

Technical/
Engineering System

- J
N /

Figure 2-1: Layers of a complex sociotechnical syah (adapted from Moray and Huey (1988))

To what concerns complexity, every system tackleg &r small levels of
complexity, depending on the conditions to whick g8ystem in exposed. However, as
higher the complexity the more difficult it is tepresent its essential parameters without
losing its functional properties. Thereby, four pedies are described for complex

sociotechnical systems as follows:

* Non-determinism: it is impossible to anticipate the behavior okteyns
precisely, even when their features are fully knpwn

» Limited functional decomposability: it is difficult, if not impossible, to
study the system properties for its decompositiostable parts;

» Distributed nature of information and representation: some functions of
complex systems cannot be positioned. The infoonais located in
different places and usually in possession of difie agents. A system is
distributed when its resources are physically otueily spread out across
multiple locations. This distribution can be madeg bedundancy,
contingency, or as a result of work organization;

* Emergence and self-organisationwhen situations are unpredictable, new
information arises also unpredictably. In orderfltav information, agents

reorganize the system’s structure, usually changitsy cooperation
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mechanisms. The transmission of information betwagents depends on
environmental factors and on the cognition of eaclividual agent. On the
other hand, emergence does not occur due to inetenpiformation about
the system components, but due to the non-linedrdgstributed aspect of
interactions. Moreover, if a system is able to gaoize itself, its functions
have a greater response time, and thus it canndéseibed as functionally
stable

The essential properties listed above make it ptesdo identify relevant issues
concerning the functioning of sociotechnical systeAlso, the identification of distributed
nature of systems shows how their capacity to owjile unpredictability is related to

control of locally situated information.

The possibilities of unexpected events, as wethadifficulties in describing their
operation, are associated to variability and wagkenprovisations, performed in order to
fulfill specification gaps and accomplishing expettresults. Moreover, if it is hard to

specify the system, it is obviously harder to desigpport devices for it.

Therefore, complexity increases the possibility evhergence of new types of
failures in systems, as it allows for more proceasation, which can be combined in
unexpected ways. Critical systems, like the oned ttomprise risks to the physical
integrity of its members — like health care systemdemand support devices designed
taking into account relevant elements of how wakktes place.

2.2 Cognitive Ergonomics

Ergonomics is the study of the interactions of peowith technology, the
organization, and the environment, aiming for iméertions for improvements in comfort,
well-being, and the effectiveness of human actsifASSOCIACAO BRASILEIRA DE
ERGONOMIA, 2004). This definition complements Wisse (1987), which states:
"Ergonomics is the scientific knowledge relatedman, and necessary for the design of
tools, machines, and devices that can be used mikimum comfort, safety and
efficiency.”
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Thus, the objects of ergonomics are work situatiotie interrelations between the
elements of activity - in order to improve the citioths in which workers carry out their
activities, by adapting them to the psychophysimlalgcharacteristics of operators, in order
to provide maximum comfort, safety and performance.

Work conditions might include aspects related tadlag, transportation, and
unloading of materials, furniture, equipment, adlvas environmental conditions of the
job, including the organization of work and cogreti load of workers. The
psychophysiological characteristics relate to albwledge concerning the functioning of
the human being, including the usage human beingkenof their abilities, through
anthropological, psychological, and physiologicading of view (MINISTERIO DO
TRABALHO E EMPREGO, 2004).

Activity, i.e. the set of articulated actions perfed by workers, is carried out
through artefacts such as devices and instrum&ngss like procedures, practices, and
methods are defined by regulations, rules, or prestVIDAL e CARVALHO, 2008).

Actually, ergonomics emerged to deal with physijsadblems of workers, as the
search for better settings for systems in ordem#&ike human usage comfortable, which
means that equipment, tools, environments, ands tslskuld be chosen or designed to be
compatible with human abilities and limitations. wkver, there is a straight relation
between physical and cognitive workload. Physicarimad can generate mental distress,
as well as psychological suffering can lead to Hakmituations in a physical level, as

cognition interferes in the way workers performithasks.

Thus, to cope with cognitive issues in human wadgnitive ergonomics is the
aspect of ergonomics that focuses on the fit batweerkers’ skills and limitations to
machines, tasks, and the environment, but als take account the use of mental abilities
people use in order to reason and make decisionsrat Therefore, cognitive ergonomics
focuses on workers’ mental models and their elemént addition, in order to include
essential aspects of work in the analysis — likedbntext in which it takes place - it takes

more than describing activities, but describingabgnition of workers.
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In order to the analyze the activity from a cogmtpoint of view, it is necessary to
take into account the level of demands placed entakk under the actual conditions in
which it is performed, as well as its respectiventakand physical events needed in order
to accomplish the task’s requirements. Measurewarkload in these cases are called
mental workload. Making workload suitable to human capabilitiefere to eliminating
the occurrence of overloads, which could lead tmgde, but also eliminating underload,

which could generate monotony.

Furthermore, a possible method for evaluating th&kility of working conditions
to psychophysiological characteristics of workershie Ergonomic Work Analysis (EWA)
approach, which addresses the working conditiortsosé in the Brazilian regulatory
standards 17 (NR-17) (MINISTERIO DO TRABALHO E EMERO, 2004).

We must also highlight the Cognitive Tasks Analy§i3A) framework as a set of
methods that can be used to describe knowledgeeasdning. The CTA approach focuses
on workers’ awareness, cognitive skills, and stiat®e during task performance. The
analysis comprises the description of how workespond to complex situations, as well
as purposes, goals, and motivations of cognitiverkwCRANDALL, KLEIN e
HOFFMAN, 2006).

The purpose of CTA is to capture way the mind werkkbe cognition — in order to
understand how people perform their tasks, or harkers see the way their work occurs.
In complex systems, it is not enough to observepleéd actions and behaviour. It is
necessary to find out what they were thinking wipésforming their tasks. Furthermore,
figuring out how context variables affect work perhance is an informative task, since all
workers are always influenced by the configurat@inthe time when activities are

performed.

Thus, two aspects must be taken into consideratiomproving work situations:
how to make people work easily; and how to makefeeaork safely. Making work easier
relates to design support mechanisms, or creates wawhich workers understand work
better. Making work safer relates to prevent fafrincorrect task performance, or
providing mechanisms for fast error detection (HQIAGEL e WOODS, 2005).
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2.3 Triage, Prioritization, and Risk Assessment

Prioritization is the natural path to cope with ii@d resources and emergent
necessities. Defining priorities has always bedmwman issue, as it is not always possible
to provide everything to everyone. Therefore, iEanust consider the differences within
the society, their needs and demands, the priatitizs is not the major concern itself, but
how prioritization is performed. Furthermore, thesean additional concept related to
prioritization — the rationing of resources (RYYNEAN, MYLLYKANGAS, et al, 1999)

It is the need for rationing limited resources thedults in the limits, criteria, and
parameters for prioritizing what is going to be\pded, and whom the resources will be
offered to. Such decisions usually involve morduea of the society, as well as political,
economic, and legal aspects (FORTES, 2008).

In the health care domain, rationing is not a newcept. Rationing is inevitable in
any area, especially in developing countries, @gierience population growth, aging,
recession, and other issues that put pressure eraltbcation of available resources.

Rationing health services comprises policies ttrictsare.

When the demands for medical care exceed the dapaidi providing it, care is
rationed. Moreover, as resources are always limiteel sickest patient is assisted first —
and this demands patients to tieged (REPINE, LISAGOR e COHEN, 2005). On the
other hand, prioritization is performed by the dgfon of hierarchies to organize

alternatives of care within the limits of the hbatare system.

Triage (from the Frenchtrier”, i.e. choose among many), was initially used as a
military term, in order to designate the prioritiban of wounded soldiers in the battle field,
determining which soldier would have access tontleelical resources, in which order, and
to which extent (SWAN e SWAN, 1996). It has alseib@&sed in to describe the sorting of
agricultural products (WINSLOW, 1982).

“Triage,” “rationing,” and “allocation” are termstrinsically related when used to
refer to the distribution of medical resources. ldwer, there are clear differences among

them. The broadest of tem — allocation - does mroessarily imply that the resources are
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scarce. Rationing refers to resource distributionimplies that the available resources are
not sufficient to satisfy all needs or wants.

Triage is the narrowest in scope, the term thatesgke connection between all
three terms. Though it may be used in an extendadesto refer to any decision about
allocation of resources, its use implies some le¥slcarcity (since no triage is necessary if
the available resources are enough to everyoneeed)n the assessment of patients’
conditions by a health care worker, and the usa efstem, plan, or method for triage
(ISERSON e MOSKOP, 2007).

Moreover, triage must not be understood simply poaess of sorting and ordering
the patients according to severity, as this doet cumsider the numerous factors
influencing the allocation of care once patients@tegorized. The most important issue in
patient triage is the judgement of how to procedth the treatment of the patients after
they have been prioritized, in order to ensureltigher benefit can be obtained with the
use of limited personnel and material resourceRE, LISAGOR e COHEN, 2005).

According to the Manchester Triage Group, triaga dinical process that involves
risk management to provide patient flow when chihiceed exceeds capacity, enabling the
diagnosis, disposal, or clinical priority (MANCHEER TRIAGE GROUP, 2005). This
rations patient treatment efficiently when themdspossibility of treating all patients at the

same time.

In the health care domain, triage and risk assassimehe process of quantifying
the probability of a harmful effect to individuats populations from certain human
activities or situations (SZABO e LOCCISANO). Theage of patients is based on the
assessment of their risk of presenting diseastt®erdio themselves or to others, e.g. their
vulnerability, suffering, current diseases and ctoals.

The word "risk" is used in many different senseslloquially or technically.
Dictionaries usually relate risk with some sorthazardous situations, e.g. “the probability
or possibility of harm or hazard”. While the retatibetween risk and hazard is acceptable,
risk is generally understood to have two compondngsjuency, i.e. the measure of how

likely it is that an event occurs; and severitg. ithe effects of eventual occurrence.
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Furthermore, the terms “hazard” and “harm” haveimatninsic relationship, as hazard

represents a circumstance capable of causing harm.

Insurance brokers use the work “risk” in a prohabd perspective, in order to
describe the possibility of occurrence of an uneéesevent with the insured’s property,
leading to a claim, which occurrence is describgdhe amounts of money to be paid by
the company at each claim using random variabld8A(MEDELL, 1991). This approach
relates to the statistical perspective of risk dbsd by Wald (1950), which defines risk as
the sum of expected cost of experimentation anet@&rp losses that occur due to wrong

decisions.

Thus, risk is a broader concept that can genemiynote the assessment of
consequence or exposure loss in some extent, glthoat restricted to likelihood of an
adverse event, but a combination of probabilitggérency, and severity of occurrence of a

hazardous situation.

Moreover, there is the relation between risk ancedainty, e.g. situations becomes
risky due to actions that might lead to many ddfer mutually exclusive outcomes with
known probability of occurrence. However, when m@oitities of occurrence are unknown,
the situation involves uncertainty (KNIGHT, 1921QBCH, 1967). This concept occupies
a central position in theories of decision undesk rand uncertainty (TVERSKY e
KAHNEMAN, 1974; KAHNEMAN e TVERSKY, 1979).

The definition of risk stated in the ISO 31000:2398ndards also relates risk and
uncertainty, as it is described as the effects mafettainty on organizations’ objectives,
since organizations of all types and sizes facermat and external factors and influences
that make it uncertain whether and when they velli@ve their goals (INTERNATIONAL
ORGANIZATION FOR STANDARDIZATION, 2009).

According to the authors of the ISO 31000:2009 daaais, effects are deviations
from the normal conditions. Thus, risk is expressederms of a combination of the
consequences of potential events and their respddtelihood of occurrence. In this case,
uncertainty is the state of deficiency of knowledg®ut an event, its consequence, or
likelihood.
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Moreover, risk management strives to enable rigdrmed decision-making and
investment planning throughout an engineering systdife cycle (GARVEY, 2009), as
different work systems based on different technielo@nd activities pose quite different

hazards and different modes of safety control.

Risk management traditional approaches are ushalgd on two presuppositions:
that risk is acceptable only if it is outweigheddrgater benefits; and that there has to be a
continuous striving to reduce the level of riskatpoint where it is held to be tolerable or
socially acceptable (HOOD e JONES, 1996).

Engineering risk management aims at continuoustifttion, management, and
resolution of risks in order to enable the desifja system to be accomplished within cost,
delivered on time, and according to user needs.ntbe goals of risk management under

an engineering perspective, we highlight (GARVEW¥0Q):

» Early and Continuous Risk Identification An engineg risk management
program fosters the early and continuous identificaof risks so options
can be considered and actions implemented befske sieriously threaten a
system’s outcome objectives.

» Risk-Based Program Management: Engineering riskage@ment enables
risk-informed decision-making and course-of-actmanning throughout a
program’s development life cycle and particularlyhem options,
alternatives, or opportunities need to be evaluated

» Estimating and Justifying Risk Reserve Funds: Armgiregering risk
management program enables identified risk evemtbet mapped into a
project's work breakdown structure. From this, ttast of their ripple
effects can be estimated. Thus, an analyticalficstion can be established
between a project’'s risk events and the amount isk reserve (or
contingency) funds that may be needed.

* Resource Allocation: The analyses produced fromeagineering risk
management program will identify where managemérdukl consider
allocating limited (or competing) resources to thest critical risks on an
engineering system project.
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» Situational Awareness and Risk Trends: Engineerisig management can
be designed to provide management with situatiana@reness in terms of a
project’s risk status. This includes tracking tlileaiveness of courses-of-
action and trends in the rate that risks are cleg#ddthose newly identified

and those that remain unresolved.

Hazard identification
and prioritization

Risk assessment
including risk
characterization

Multiway risk
communication

Policy evaluation

Policy

q . Policy decision
implementation Y

Figure 2-2: The risk management cycle according tblood & Jones (1996)

Hood & Jones (1996) present a risk management dya$ed on six processes.
Based on communication, it starts with the idecsifion of hazards and their prioritization,
followed by risk assessment. According to the cyeteposed by Hood & Jones, the
decision and implementation of risk mitigation aos, as well as evaluation of results are

performed according to organizational policies liggulations and norms.
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Probability and
consequences of risks are
assessed

Risk events and their
relationships are defined

Assess probability and
Consequence

Consequences may include
cost, schedule, technical
performance, impacts, as
well as capability or
functionality impacts

- 1. Risk 2. Risk impact
Identify risks Lo B >
? identification assessment

y

Reassess existing risk
events and identify new risk Risk tracking
events

‘Watch-listed Assess risk
risks criticality

4. Risk mitigation,
planning, 3. Risk

i i prioritization
and progress Risk mitigation analysis

monitoring

Decision-analytic rules
appliend to rank-order
identified risk events from
most to least critical

Risk events assessed as medium or high criticality might go into risk
ion planning and impl; ion;: low critical risks might be
tracked/monitored on a watch list

Figure 2-3: The risk management cycle according tGarvey (2009)

Similarly, Garvey (2009) proposes a five-phasekl management cycle that begins
with the tracking of risk. It also includes identdtion, assessment, and prioritization, as
well as mitigation actions. According to Garveyfviaeen identification and mitigation the
risks might need to be reassessed in order to inedéeir events and relationships.
Moreover, risks are prioritized from the most calito the least critical, as the assessment

of risks is based on their consequences and pridlgabi

In order to make decisions and perform actions plgemstinctively weigh the
options and variables, based on information albdwaitattivity. Therefore, risk management
requires some quantification. However, even thothghanalytical methods of calculating
risk are usually simple, in many cases, psycholsgis sociologists get more precise
measurement of risk perception than scientistair tcalculations, as people’s perception

of risks involve multiple imprecise aspects.

Thus, the concept of risk assessment comprisedeteemination of quantitative or
gualitative value of risk related to a concreteation and a recognized hazard. It consists
of objective evaluation of risk in which assumpsomnd uncertainties are clearly
considered and presented. Quantitative risk assggsmequires calculations of the
magnitude of the potential loss, and the probabdftoccurrence. Many fields like nuclear,
aerospace, oil, rail, military, and health care eha long history of dealing with risk
assessment, although methods may differ betweearstnes (LIBRARY OF CONGRESS,
1983).
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From a scientific perspective, the risk of a spe@¥ent is equal to its frequency or
probability of occurrence multiplied by the evengssverity or consequence. However,
experience, intuition, and judgment are factors #fct the perception of risk. Moreover,
Risk perception disregard any type of structuréecddéd by many aspects such as age,
gender, vocation, culture, etc. (JONES, 2012).

Thus, the challenge for risk assessment is to kesttatechniques for measurement
of risk taking into account different people, wilifferent values, opinions, backgrounds,

and experience, without influencing their views.

The Manchester Triage Group (2005) proposes a rmdelbgical approach for
patient triage, in order to promote the shift framintuitive to a reproducible and auditable
way of performing prioritization. It aims at estshing consensus amongst senior
emergency physicians and emergency nurses abage trstandards, set under five

headings, as follows:

» Development of common definitions;
» Development of a robust triage methodology;
» Development of a training package,;

» Development of an audit guide for triage.

The methodology proposed by the Manchester Triageui is used to select
patients with the highest priority first, enablitige health care worker to rapidly assign a
clinical priority to each patient. It should workithout making any assumptions about
diagnosis, although the authors recognises thatgamey departments are to a large extent
driven by the patients presenting signs and symptdtANCHESTER TRIAGE GROUP,
2005).

The process of triage using the methodology prapdsethe Manchester Triage
Group is quite simple. Health care workers assigtiepts to a triage category and then
managed in order of priority and time of attendam@eording to the parameters as we see
in Table 2-1. Each of the triage categories hasmber, a colour and a name, as well as an

ideal maximum time to access treatment.
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Triage

disposal, or

Table 2-1: Categories in the Manchester Triage Praicol

Number Name Colour Max time (minutes)
1 Immediate Red 0
2 Very urgent Orange 10
3 Urgent Yellow 60
4 Standard Green 120
5 Non-urgent Blue 240

methods can provide health care workers whth diagnosis, with the

with a clinical priority. The ManchestTriage Scale gives health care

practitioners the means to allocate clinical ptigras of three aspects:

The aim of the triage encounter in an Emergencyaiegent is to aid both
clinical management of the individual patient andepatmental
management; this is best achieved by accurate asiboc of a clinical
priority.

The length of the triage encounter is such that @tgmpts to accurately
diagnose a patient are doomed to fail.

Diagnosis is not accurately linked to clinical pity, the latter reflects a
number of aspects of the particular patient's pred®n as well as the
diagnosis; for example, patients with a final diagis of ankle sprain may
present with severe, moderate or no pain, and tiliical priority must

reflect this.

It is easy to become confused between the clinpabrity and the clinical

management of a patient. The former requires thatigh information is gathered to enable

the patient to

be placed into one of the five dalicategories as discussed above; the latter

may well require a much deeper understanding op#ient's needs, and may be affected

by a large number of extraneous factors such asdinday, the organization of the staff, or

the number of beds available.

Furthermore the availability of services for pautar patients will fundamentally

affect individual patient flow. Separately stafféstreams” of care for particular patient

groups will run at different rates. This does nffe@ underlying clinical priority, which

affects the order of care within, rather than bewvstreams in such a system.
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3 Methodologies Summary

This chapter presents the summary of the methotsogsed to address the
research questions presented in this thesis. Siaaescribe three research questions, three

methodologies have been approached.

3.1 Ergonomic Work Analysis

According to Sanchez & Levine (2001), there are twonary kinds of work
analysis: descriptions of people performing theorky and descriptions of work itself.
Most analysis methods provide means of collectiata @n workers’ tools, machines, and
support devices. Deeper analysis include contexfaetiors of people’s work such as
features of the job, environmental hazards, soarghnization of activities, standards,
errors, procedures, as well as customer requiremdihis is useful in documenting and

supporting decisions based on performance, anungai

According to Guerin et al. (2001) ergonomics extstdransform work situations.
Such transformations will foster the conceptiometv work situations that do not present
harms to workers. Therefore, workers will be abte éxplore their competencies
individually and collectively, helping their empless in accomplishing the companies’

objectives.

Wisner (1987; 1995), proposes an approach for vaeorysis through ergonomic
actions - ergonomic work analysis (EWA) — that aiatssolving problems related to
unsuitability between work and human features. Mddgtroblems of this kind come from
production systems inadequately designed, adaptaticonception of production systems
taking into account only financial or technical @sts, disregarding human functioning and

variability.

Thus, in order to transform the work situation aaduce harmful conditions, the
analysis must consider distinctions between work ass intended to be performed (task,
or prescribed work) and work as it is actually perfed by workers (activity, or actual
work) (RICART, VIDAL e BONFATTI, 2012; WISNER, 19950MBREDANE e
FAVERGE, 1955). The prescribed work consists ineaaf mandatory acts engaged in

26



order to achieve the goals of the task (normatmeking). Differences between results of
the prescribed and normative work shows opporemifor the design of improved work

situations.

Moreover, the purpose of ergonomic action is tdenavorkers’ everyday activities
to take place favorably in their own context. There, ergonomic action is based on
observations in actual work settings in order tadldo modifications in the context
(WISNER, 1995). Collecting data by observation ealrworkplaces enables the inclusion
of many individual and social aspects in the anglygich as conflicts, misunderstandings,
and negotiation processes. However, this way dfegatg empirical data does not exclude
the possibility of interaction between the obseraed workers, resulting in new specific
and situated questions about procedures, automayistems design, workplace layout,
safety, etc. (ENGESTROM, 1999; CARVALHO, 2006).

By focusing in the essential role of the signaheatthan on workers’ motions on
machines, ergonomic work analysis becomes oppasitése work analysis based on the
study of time and motion (OMBREDANE e FAVERGE, 1954ISNER, 1995). Thus,
cognitive aspects of in work performance becomegssential aspect of observation of
worker behavior through ergonomic work analysis, distinctions between observed
behavior and the way in which the operator reprsséis activities are an important

element of the analysis, and such phenomena adéyleaptured in interviews.

The core of ergonomic work analysis is activity Igsis, which aims at discovering
causes of disturbances and changing critical sitositIn order to obtain objective data, the
ergonomist must study the behavior of the operatar select not only motor aspects, but

also the information gathering and communicatiomavéor.

Thus, one could use a conversational approach (VIRABONFATTI, 2003)
within ethnographic observation when interviewingthods cannot capture aspects of
complexity. In this context variability in work s#étions appears as the main observable

aspect in which resides the most important elerfegninderstanding how people work.

Although they share the same principles, therenaary approaches to ergonomic
work analysis. Wisner considers the work of Ombned& Faverge (1955) the start of
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ergonomic work analysis as an approach focusenh @itu observations to cope with the
variability in work situations. Thus, Wisner (199doposes a methodological framework
that works as the basis for ergonomic work analigyganized in five basic steps as

follows.

1. Framing: should provide the basis for the enviromtale and activity
analysis, based on the way workers express thedsr transformation of
work situations. The essential action performedthm® ergonomist in this
phase is listening to workers opinions and, comdai

2. Analysis of the environment: This is the first olvsgional phase, in which
we highlight the general aspects of the organimat&uch as financial,
technical, organizational and social. This phaseseful to define the limits
of ergonomic action and establish the work situstithat should be focused

3. Activity analysis: This is the core of the analysiarried out among workers
in the established work situations. Observationhis phase will enable the
description of how work is actually performed andyide elements for the
transformation of work situations

4. Recommendations: This phase aims at the elaboratianproject resulting
of planning interventions of ergonomists to transfavork situations.

5. Validation: Consists in the negotiation betweeroaamists and workers in
order to indicate how the intervention will happéine involved parts —
ergonomists, workers, employers — read the intéimerproject and define

the actions needed for its execution.

This five-phased approach works as basics to maamgeworks for work analysis
centered on observation, as the work presentedithgl ¥2002). We use this approach to

answer one of the research questions of this tivesisapter 5.1.

3.2 Cognitive Work Analysis
Professors Erik Hollnagel and David Woods (HOLLNAGE WOODS, 2005)
start their book “Joint Cognitive Systems: founda$i of cognitive systems engineering”

by listing what they call “driving forces” — forcehat originated the need for an approach
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to systems engineering based on cognitive aspdctgork. These forces, according to

Hollnagel and Woods are:

» The growing complexity of socio-technical systerdse to the constant
growth of computerisation or applied informatiorchieology, computers
have become the dominating medium for work, comgation, and
interaction, transforming work performance and tinganew fields of
activity;

* Problems and failures created by clumsy use oktherging technologies:
rapid changes in work performance worsened theittons for practitioners
who already had insufficient time to adjust to teeisting imposed
complexity. The major consequence of this scenara succession of real
world failures of complex systems that made hunaatofs, human actions,
and, in particular, human error, more noticeable;

* Limitations of linear models and information prosieg paradigm:
engineering and computer science communities swutbpted the notion
that humans are information-processing systemgnfeating the view of

human-machine interaction.

Still according to Hollnagel and Woods, one mustidguish technological system
from organizations. In technological systems, tedhgy plays a central role in
determining what happens; while in organizationsnans play the central role in
determining what happens. Thus, Hollnagel and Wgwdpose an approach to cognitive
systems engineering that considers organizatiorsstatacts of a social nature made for a

specific purpose.

Hoffman and Woods (HOFFMAN e WOODS, 2000) introdube concept of
“complex cognitive systems”, i.e. work environmerite which the knowledge and
reasoning of individuals play an important rolet ba do the cognition and reasoning of
larger groups of people, including teams and evditeeorganizations. In addition, these
complex cognitive systems often involve peopleraténg with computers and interacting
with each other via computers in intricate netwarkBumans and technology. If one wants

to support - or improve — the complex work perfodme these systems observing their
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actions is not enough. One must understand whgtatethinking while performing their

activities.

Professors Beth Crandall, Gary Klein, and RoberffrHan propose a set of
methods for studying thinking and reasoning in geformance of work in complex
systems. Their cognitive task analysis approaclviges procedures for understanding
work in complex work settings. Their approach suppthe systematic identification of
key cognitive issues in people’s work, useful ia ttevelopment of tools and technologies,
as well as work processes (CRANDALL, KLEIN e HOFFMA2006).

Crandall, Klein, & Hoffman’s approach is based dmee primary aspects:
knowledge elicitation, data analysis, and knowletgresentation. Knowledge elicitation
comprises a set of methods used to obtain infoomadbout what people know and how
they know it; data analysis consists in structuridgta, identifying findings, and
discovering meaning; knowledge representation dedu tasks of displaying data,

presenting findings, and communicating meaningdiscoveries.

Earlier, Rasmussen also stated that every systegaydless how automated it is,
rely on human intervention in some level (RASMUSSHERN79). Even though they do not
depend of human interaction while in normal fungithg, their existence depends on
extensive support by a human staff to maintainrtéeessary conditions for satisfactory

operation, especially if their operation involveghpossibility of unforeseen conditions.

Rasmussen suggests that in highly automated sobmotal systems, as humans
supposed to act goal-oriented, technology experts to model human activity with focus
on the discrepancy between what is intended and vghactually achieved. However,
human activity in a familiar environment will no¢ lgoal-oriented, but oriented towards the
goal and controlled by rules previously proven ggsful. In unfamiliar situations,
behaviour may be goal-oriented in the sense wonketie different attempts to reach the

goal and, then, select a successful sequence.

Thus, Rasmussen proposes a set of categories oélsnofl human activity to

stratify the span between the physical reality hathan purposes, i.e., the reason for the

30



physical systems in which people work. The authefings the following structure for

models of human activity:

» Models of physical form: represent the spatialribstion of matter in the
environment, like a portrait of the physical larmse. It is objective, i.e.,
independent of the intentions of the modeller,@lthh is it dependent upon
the intended use of the environment;

* Models of physical function: represent the physstalicture of the system
and its functional properties, e.g. technical congrds, and their properties.
Physical objects are limited by boundaries that lmamearranged according
the level of aggregation or decomposition into otge

* Models of functional structure: the main elementrefse models is a set of
relations among variables across boundaries of igdlysparts, or
“functions”. Such functions represent standardizgdneric elements of
system purposes;

* Models of abstract function: represent the ovdtaiction of a system in a
generalized causal network, moving in abstractiwellindependently of the
local physical or functional properties;

» Models of functional purpose: represent the obd®#evaonstraints within
the relationship among the variables of the systBmese models describe
the properties of a system in terms of relationsveen variables or states

and events in the environment.

The taxonomy of models of human activity proposgdRasmussen appears in
Vicente’s (1999) work as a framework for work arsadycalled Cognitive Work Analysis
(CTA). Vicente proposes an integrated frameworletdam behavior-shaping constraints of
the work environment and contains models of thekwdmmain, control tasks, strategies,
social-organizational factors, and worker compdtc According to Vicente, the
constraints of the work environment are limits begw the possibilities for behaviour of

workers.

The CWA approach is ecological, i.e. it is centevadhe analysis of the constraints

that the environment imposes on action. Thus, wegidesigners the possibility of
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developing interfaces compatible with such envirentconstraints. The objective of
CWA is to ensure that workers will acquire mentabdel of the environment that
represents, as accurately as possible, the acthaviour of the context in which workers

are involved.
The CWA framework comprises five phases as follows:

* Work Domain Analysis: the purpose of this phaseoiddentify a set of
constraints on the actions of workers and providdeacription of the
domain in which work is performed. The abstractidnerarchy
(RASMUSSEN, 1979) is the main modeling tool forstphase (see Figure
3-1).

» Control Task Analysis: the objective of this phaseto identify the
requirements associated with recurring classes infatons, and the
constraints on work performance, no matter whoqoeré the activities or
how they are carried out. We use the decision laRASMUSSEN, 1979)
as the tool for writing control task models.

» Strategies Analysis: this phase aims at undergtgnitlie different ways of
accomplishing the activities identified in a comttask analysis. Therefore,
its models must describkow work is done rather thewhat is done.
Information flow maps (RASMUSSEN, 1979; RASMUSSEI80) is the
modeling tool suggested by Vicente in order to genfthis.

» Social Organization and Cooperation Analysis: thise addresses how
work requirements are distributed among human werked automation,
and how such actors communicate and cooperate.IMgdeols used in the
previous phases are revisited in the social orgdioiz and cooperation
analysis in order to represent how the social auhrtical factors in a
sociotechnical system can enhance the performédrtbe system.

» Worker Competencies Analysis: the fifth and finhlape of CWA focuses
on the identification of the competencies that woskin the analyzed
domain must have. This is performed by letting meguents of the
application domain determine what kinds of compatsworkers need, in
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order to accomplish their goals. The modeling teg#d to conduct worker
competencies analysis is the skills, rules, andwkedge taxonomy
(RASMUSSEN, 1983).

Figure 3-1 shows the elements of an abstractiorattley model. The structure of
the abstraction hierarchy represents means-enibredhip between the elements of its five
levels, which increases the understanding of tls¢eay. By moving up the hierarchy, we
focus on the purposes; by moving down the hiergraleyfocus on how those purposes can
be carried out. Higher levels are less detailed toaver levels. Shifting from a low to a

higher level of abstraction can make complex doskiok simpler.
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Figure 3-1: An example of abstraction hierarchy

Figure 3-2 presents the decision ladder as propbgdtasmussen (1979). Used as
the main modeling tool in control task analysise ttecision ladder represents the
relationships between information-processing ai¢isi and states of knowledge.
Information-processing activities are the expetttirees in which actors need to engage to
accomplish task goals. Furthermore, states of kedgd are the results of information-

processing activities, e.g. the products of infdraraprocessing activities.
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Figure 3-2: An example of Rasmussen’s decision ladd

Relationships between information-processing aetiwiand states of knowledge
can be of two kinds: shunts or leaps. Shunts addltowed by experts, therefore connect
an information-processing activity to a state obwitedge. Leaps connect two states of
knowledge directly, without any information-procegsactivity in between them.

Vicente uses information flow maps (see) to desctle categories of cognitive
task procedures that constitute workers’ stratedig®rmation flow maps illustrate the
sequence followed by a particular worker during peec#fic troubleshooting episode.
According to Vicente, action sequence instancesvarable, but treating strategies are
idealized categories that can be instantiated dyparticular situations, providing ways of
coping with complexity
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Figure 3-3: An example of information flow map

Vicente recommends the use of the skills, rulegwhaedge (SRK) taxonomy
(RASMUSSEN, 1983) in the final phase of CWA to orga knowledge into a form that is
more useful for systems design. Its structure tisree-level taxonomy, since each level of
cognitive control is based on a different type oifan performance.

Goals
Knowledge-based . . -
s & | Identification > Decision > Pl
behaviour
—— e el — — — — — — — — -l e c—
\ 4
Rule-based ol Recognition | Association state/ | Stored rules for
behaviour g e d Task g activities
— e— e — —— — —— — — — — e —— —
Skill-based
behaviour
\ 4
Feature ‘ Automated
formation "] movements

11 1t U

Sensory input Signals Actions

Figure 3-4: Rasmussen’s (1983) SRK taxonomy
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Figure 3-4 shows the structure of an SRK taxonolngomprises three kinds of
behavior of workers: knowledge-based behavior, aealytical reasoning based on a
symbolic representation of environment constraistsil-based behavior, i.e. automated
and highly integrated actions performed by workeithout conscious attention; and rule-
based behavior, i.e. previously stablished rules @ocedures, experience, instruction, or

problem-solving activities.

These models, used along the phases of CWA, shmalide designers better
insight about workers cognition while performingtigeities. Due to the ecological
orientation, CWA focuses on both the environment duman cognition. Thus, by
describing the related constraints it enables #sga of more suitable support technology

for workers on complex sociotechnical systems.

3.3 Fuzzy Sets Theory and Fuzzy Logic

Traditionally, decision-making is the interface Wweén the evaluation of the
situation and the choice among alternatives ofoactor the combination of both aspects
(HOLLNAGEL, 2007). However, most decisions routyneinade are dynamics, and
dynamic tasks vary in terms of complexity, e.gspréas a number of decisions rather than a
single decision, decisions are interdependent tla@anvironment in which the decision is
set changes (EDWARDS, 1962).

As complexity stems from the number of variablegha task system and their
interrelations (DORNER, 1996; JOSLYN e ROCHA, 2Q0®) dynamic tasks, the
decision-maker and the task system are entwinef@edback loops whereby decisions
change the environment, giving rise to new infororatand leading to the next decisions
(QUDRAT-ULLAH, 2015).

Moreover, human reasoning occurs in imprecise, amprate ways rather binary
and linearly like the binary computer logic. Themef, in order to express the human
inference mechanisms, one must use methods capaldebedding uncertain, vague
values, as well as subjective evaluations, mostfyessed in natural language. The fuzzy
logic (ZADEH, 1965; ZADEH, 1975) provides ways tceeal with the approximate

reasoning, inherent to the mentioned situations.
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In sociotechnical systems, as complexity increabesnan capacity of making
precise and relevant assertions decreases towtlenNben precision and relevance become
mutually exclusive. Thus, fuzzy logic provides cepts to approximate models from
reality of decision-making in complex environme BADEH, 1973; CHAMOVITZ e
COSENCZA, 2010).

The fuzzy logic embeds the concepts of the fuzzg seeory (ZADEH, 1965),
which aims at providing a natural way to tackle lannproblems, in which imprecision
comes out due to the absence of well-defined meshiyecriteria for the elements of a set.
This conceptual structure is similar to the trawhtl sets theory, but can be applied in a
broader range of situations.

Thus, the fuzzy logic describes an imprecise ldgsystem in which the truth-
values are subsets of the unit interval, and goeesented by linguistic values (ZADEH,
1975) based on natural language. Through this gdnsemantic rules provide means of
computing the meaning of each linguistic value withmber between 0 and 1.
Consequently, the rules of inference in fuzzy logre inexact and dependent on the

meaning associated with the primary truth-value QEAl, 1975).

There are two kinds of fuzzy numbers: triangulad &apezoidal. In a conceptual
universe, fuzzy subsets are defined by their meshij@rfunctions — which uses values
between 0 and 1 to map the level of membershi;maflament in the set, when compared
to other elements. Thus, the value of the member&hiction describes “how much” an
element “belongs” to the set. Figure 3-5 showsgifaphical representation of a trapezoidal

fuzzy number.
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'y
u(x)

a b c d X
Figure 3-5: Trapezoidal fuzzy number

In some cases where b is equal to ¢, we haverytidiar fuzzy number, represented
as Figure 3-6 shows.

A
H(x)

a b c X
Figure 3-6: Triangular fuzzy number

Fuzzy numbers are used to represent linguisticabbes, i.e. variables that store
values in words or sentences expressed in natamgubge. The purpose of a linguistic
variable is to enable the approximate charactéoizabf complex, poorly defined
phenomena. Thus, using linguistic rather than dfiedtdefinitions, complex systems can
be analyzed by conventional mathematical terms (GRE, 2012).

Figure 3-7 shows how fuzzy triangular numbers regmné the linguistic variables
“very good” (VG) and “very bad’(VB), as used in gher 5.3.
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Figure 3-7: Fuzzy representation of linguistic varables

When linguistic values inserted in the fuzzy infexe machine, they are turned into
fuzzy sets in a process callédzzyfication During fuzzyfication the input values are
evaluated and calculated according to fuzzy rulberent to the fuzzy model that has been
used. Each fuzzy function of the model producespututvalues between 0 and 1,
representing the membership level of the outputievah comparison to the fuzzy rule.
Then, the fuzzy inference machine aggregates titabéel output options. Finally, the
resulting value — still in linguistic terms — mus¢ turned back to discrete values in a

process calledefuzzyfication

The fuzzy sets theory and fuzzy logic has been egezhsively in decision-support
mechanisms, mostly as a method to help works td bat the best option among
alternatives in a decision problem, combining dadicriteria with the opinion of experts in
order to accomplish an objective. Results of the ftiszzy models show promising,
especially in prioritization problems (COSENZA, 198 IANG e WANG, 1991; HSU e
CHEN, 1996), which justifies the use of fuzzy loge a methodological approach suitable

with the research problem presented in this thesis.
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4 Literature Review

In this chapter we present a systematic literatergew, conducted in order to
identify, analyse and interpret scientific evidemeéated to the contributions of human
factors and ergonomics to the design of tools, @=sviand work processes to support risk

assessment in the context of health care. Thiafitee review has the following highlights:

* ltis areview of the current status of researchiesign for patient triage;

» 1,845 papers have been initially retrieved, with 4élected for data
extraction;

» Selected papers were stratified according to ftagses of outcomes;

* We describe and evaluate the extent to which puddistudies explore the

research topic of this thesis.

The literature review incorporated by this chaptsulted in one scientific article,

and citation information for it is described below.

Jatoba, A., Burns, C., Vidal, M., & Carvalho, PO18). Designing for Risk
Assessment in Primary Health Care: a literatureermev. JMIR Human Factors

(accepted)

4.1 Introduction

In the health care domain, patient triage and askessment has always been a
major concern (MANCHESTER TRIAGE GROUP, 2005; SAVAISCARVALHO, et al,
2012; LOWE, BINDMAN, et al, 1994; BEVERIDGE, DUCHARME.et al, 1999).
Keeping patients safe and ensuring that they redhie right treatment has been subject of
different research areas like psychology (CIOFBRE, MCCANN, CLARK, et al, 2007),
software engineering (MURDOCH, BARNESt al, 2015; GOLDENBERG, EILOTet
al., 2012), ergonomics (NEMETH, WEARS}{ al, 2008; CARAYON, WETTERNECKet
al.,, 2014; CARAYON, 2012), and others. These studfdsowv health care workers make

40



decisions in such complex systems has given sosighits of how to design for patient

safety.

Furthermore, in order to improve patient triagestegn designers must understand
functional work requirements and constraints in treginning of the design process,
defining the optimal workload. Otherwise, it becandficult to incorporate human factors
after the design is completed (OTTINO, 2004). Winileeracting with a complex physical
environment, only a few elements of a problem canwithin the span of human
consciousness simultaneously (RASMUSSEN, 1979).

Thus, the objective of this paper is presenting/stesnatic literature review that
aims at identifying, analysing and interpreting ikalde scientific evidence related to the
contributions of the cognitive engineering (HOLLNEG e WOODS, 2005;
RASMUSSEN, PEJTERSEN e GOODSTEIN, 1994) to thegtesif tools, devices and
work processes to support patient triage and isskessment. This paper reviews the state-
of-art research in this topic, identifying gapsoirer to suggest further investigation. We
explore the topic of decision-making in patientage, examining the extent to which
empirical evidence supports or contradicts the riétezal hypothesis of the importance of

actual work descriptions in the design for the tieeare domain.

The conceptual significance of this paper residepmviding the means to help
researchers understand how the ergonomics and hiacians discipline contributes to the
improvement of work situations in the health canendin, enhancing the design of devices
and work processes to support the course of a¢lietEUREAU, 2003) in the patient

triage and risk assessment process.

4.2 Materials and Methods

We performed electronic search on seven bibliogcagiitabases as follows:

« Science Direct;

« PubMed;

« Springer Link;

« ACM Digital Library;
e Wiley Online Library;
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» Scopus;
« |EEE Xplore.

We consider those databases appropriate due emtbant of indexed journals and
coverage of relevant disciplines like health sognengineering, and computer sciences.
The flexibility of the search engines (for combipisearch terms) and the ability of
exporting results to formats accepted by referememaging software have also been

considered in the selection of academic databases.

4.2.1 Research Questions
Below, we describe the major research questionginaes our study:

« How to design suitable support tools, devices, @odesses that enable more
reliable and precise patient triage, prioritizatiand risk assessment, reducing
workload, and making work in primary health carerencomfortable for

workers;

In order to address this major research questioioweulated two sub-questions,

which this literature review investigates, as folo

« Should we expect more effective patient triage askl assessment when
applying human factors and ergonomics in the desigeupport tools and
processes?

« What evidence is there that applying human fadimots and technics brings
more significant results for understanding real kvor patient triage and risk

assessment?

Thus, in this paper we collect, classify, and asalyecent work related to this
research topic in order to assess the contributiadsantages and disadvantages of
employing human factors and ergonomics in the de®g risk assessment in the health

care domain.

4.2.2 Selection Criteria
This literature review includes original journalpeas published in English between
2011 and 2015, including the ones available onhr@015, in order to concentrate on more
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recent contributions to our research questions rapdesent more accurately the current
status of research related to our topic. Confer@aqpers, books, chapters, and reports have

not been included in this literature review.

Table 4-1 shows a summary of the search terms espukctive variations derived
from the research questions. We have used freetséams with no controlled descriptors

in order to have a broader search.

Table 4-1: Search terms and variations

Term Variations
Cognitive Cognitive ergonomics; Cognitive systems engineei@agnitive work
engineering analysis; Cognitive task analysis; Human factorgpBomics
Risk assessment Triage; Patient triage; Risk manage
Health care N/A

We use variations of search terms to match everggyabnyms, abbreviations,
alternative spellings, and related topics. We peréa trial searches using various
combinations of search terms in order to checls lidt already known primary studies,

using the following search query:

 (“Human factors” OR “Ergonomics” OR “Cognitive emgamics” OR
“Cognitive engineering” OR “Cognitive systems erggnng” OR
“Cognitive work analysis” OR “Cognitive task analy§ AND (“Risk
assessment” OR “Triage" OR "Patient triage” OR kRmanagement”)
AND (“Health care”)

We describe inclusion and exclusion criteria in [Eab2:

Table 4-2: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

. Studies that assess difficulties, critical factars, e Studies that do not address any of the researdtiqos;
challenges, or problems in applying human factos g
ergonomics in the design of risk assessment support
tools or processes in healthcare;

. Literature reviews

. Studies that present good practices, lessons kbaanel
success factors in applying human factors and
ergonomics concepts in the design for patient ériagd
risk assessment;

43



Studies presenting models, processes, techniques, o
tools to enable the improvement of patient triage
risk assessment in health care.

1

In addition to general inclusion exclusion criteribe quality of primary studies
have been evaluated, as well as their suitabdityhé presented research questions, in order
to investigate whether quality differences provideeful explanations, guide the
interpretation of findings, and determine the ggthnof inferences, as well as how they
meet the research questions. The quality of a sfitestudy relates to the extent to which it
minimizes bias and maximizes internal and extevaétlity (HIGGINS e GREEN, 2011).

The following aspects have been evaluated in thees:

« Objective, research questions, and methods wehetbf

« The contributions are well described

« The kind of scientific study is clearly stated

« Source population is identified

« The interventions or strategies are sufficientlgatéoed to allow reasonable
replication

« Outcome is defined and measurable

« Objectives are accomplished and research questrendearly answered

« The study meets the major research question

« The study meets the first sub-question

« The study meets the second sub-question

Selected publications have been given scores frotda % to each aspect, as 1
corresponds to “strongly disagree” and 5 “stronglgree”. The sum of the scores
determined their methodological quality and sultgbio research questions as follows:

« Very high—100% of the methodological quality aspeukt,
« High—75-99% met,

« Medium—50-74% met,

e Low—0-49% met.
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A committee of four researchers applied the indasand exclusion criteria and

performed the assessment of methodological qualfitthe selected papers. Committee

members are doctorate students in systems desgineening and have the same level of

expertise in ergonomics and human factors. A teptogessor, head of the ergonomics and

human factors lab, supervised the committee dutiegorocess. After reading the papers,

the committee met in order to present their evaunaflhe final score for each criterion for

methodological quality represents the consensgsmimittee members. A study proceeded

to data extraction when it met at least 50% ofrtie¢hodological quality.

4.2.3 Déefinition of Outcomes
We stratified the selected papers according to étasses of outcomes as follows:

4.3 Results

A.

Design of risk assessment decision support fortineare: papers fit this
class when the outcomes propose the implementafiorew tools to
support decision making in health care risk assessmiork situations;
Design frameworks, processes, and methods for asdessment in
health care: this class relates to publicationsciwloutcomes present
frameworks or processes applied to the designs&fassessment work
situations in health care environments;

Recommendation or implementation of improvementssik assessment
work situations in health care: This class of oates is met by articles
suggesting transformations in the work place, emment, or
equipment, or processes in risk assessment wauktigins in health

care,

. Analysis of the impacts of new technologies or peses to risk

assessment in health care: this class is met inyesrthat present studies
about the implications of transformations made by rdevices and/or

processes for risk assessment in health care emvewots

Among the seven databases searched, five of thedmelsalts exported to a library

in the reference management software Zotero. Resiiitwo of them (IEEE Xplore and

Springer Link) could not be exported to Zotero dmdimitations of the search engine, but
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could be exported to the CSV format and organinellicrosoft Excel spreadsheets. Steps

for paper selection included title reading, abstnr@ading, and full reading. Table 4-3

shows the results of paper selection steps.

Table 4-3: Summary of search results

Selected papers

Database Search results | Selected after title Selected after Selected after full Percentage of
reading abstract reading reading selected papers

Science Direc 40z 55 8 4 0.99%

PubMed 249 19 6 5 2.01%
Springer Link 149 27 3 2 1.34%
ACM Digital Library | 159 18 3 2 1.26%
Wiley Online Library | 238 22 5 1 0.42%
Scopus 33 10 5 1 3.03%
IEEE Xplore 614 31 6 1 0.16%

TOTAL 1845 182 36 16 0.87%

We retrieved an amount of 1,845 in the initial sharAfter abstract reading, 36

papers have been selected for full

reading. Amohgsd, 16 papers met the

inclusion/exclusion criteria and were submittedjt@lity and suitability evaluation, as well

as data extraction. Table 4-4 summarizes the layaits of the selected articles.

Table 4-4: Summary of selected papers

Author(s) Summary Type of Outcome
study

McClean et al., 2011 McClean et al. propose the use of a framework fodefing the care process in hospitals| Case study | B
order to improve the assessment of patients’ @irstatus and define the length of their s
at the hospital. The paper presents a case sasBdbon data extracted from patients d
hospital in Belfast and demonstrates results akpasurvival rates when using their leng
of stay and destination as outcomes.

Alemdar, Tunca and Ersoy, 201} The authors adopt techniques for human behaviolysisafrom a medical perspectiy Experimental| A
through the analysis of daily activities in ternfigiming, duration and frequency and propd study
an evaluation method applicable to real-world agions that require human behav
understanding through an experimental study.

Hundt et al., 2013 According to Hundt et al. most vulnerability in tdesign of computerized tools to supp( Case study | A
physician order entry occur by not considering week system in which the technology
implemented, therefore, the authors state thahtimean factors engineering discipline offg
a range of approaches for anticipating vulneradsljtenabling designers to address th
before technology implementatit

Card et al, 2012 Card et al. present a case study that shows tlemad for taking a proactive approach| Case study | B
improving healthcare organizations’ emergency dpmra. It demonstrates how th
Prospective Hazard Analysis (PHA) Toolkit can drivg@anizational learning and improy
work situations.

Pennathur et al., 2014 Through a study conducted in hospitals, Pennathat. @ropose an information trail mod{ Exploratory | B
for capturing fundamental characteristics of infatibn that workers on emerger | study
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departments create and use for patient care. Thielnppoposed by Pennathur et al. me|
our research sub-questions by presenting a metbiodatkling complexity and prever
failures by increasing understanding of the infdiama flow in the process of assessi
patient conditions, based on the idea that peopgedomplex cognitive work system organi
information by their own.

Aringhieri, Carello, and Morale
2013

In their paper, Aringhieri, Carello, and Morale ggat an exploratory study on the ambular
location and management in the Milano area, in Wwhiey evaluate the current emerger|
system performance. According to the authors, tespie availability of technologicq
support, in ltaly, the use of resources in emergetepartments is based on operatd
experience.

Exploratory
study

lakovidis and

2011

Papageorgio

lakovidis and Papageorgiou propose a model andiates its effectiveness in two scenar
for pneumonia risk assessment. His results indithte the major contribution of th
proposed model is that it incorporates addition&drimation regarding the hesitancy of t
experts in the definition of the cause—effect refet between the concepts involved in {
health care domain. lakovidis and Papageorgioe $tat the proposed approach is capabl
modeling real-world medical decision-making taskser to the way humans perceive ther|

Exploratory
study

Kong et al., 2012

Kong et al. propose the employment of a belief-h#se inference methodology using t
evidential reasoning approach in order to suppastlefing and reasoning with clinicg
domain knowledge. According to Kong et al. the apgh they propose helps reduci
uncertainties in clinical signs, clinical symptomsd clinical domain knowledge, which a|
critical factors in medical decision-making.

Exploratory
study

Cagliano, Grimaldi and Rafelg
2011

Cagliano, Grimaldi and Rafele propose a framewhbdt dbperationalizes the Reason’s the
of failures (REASON, 2001) by developing a methodgl for investigating health car
processes and related risks on patients basedpentéxowledge. They apply their approa)
to the pharmacy department of a large hosg

Exploratory
study

Park, Lee and Chen, 2012

Park, Lee and Chen studied how the design of elictrmedical records (EMR) systen
affects medical work practices. They analyzed cguseces of EMR on clinical wor
practices and related design issues, such as igailfunctionalities of EMR systems, i
order to associate the work practices changesyetdlebEMR system with the actual desi
of the system.

Case study

Hepgul et al., 2012 Hepgul et al. present an examination of the rolelimfical expertise and multidisciplinar] Case study
teams in identifying patients at risk of developidgpression, and in monitoring tho
receiving treatment for the occurrence of depressio

Glascow et al., 2014 Glascow et al. propose a comparison between risknaes from statistical model| Exploratory

previously developed and evaluated, and risk esgisniom the patients’ surgeons. Throu
this comparison, they are able to evaluate theigireel validity of the decision suppol
model for safer surgery in predicting risk for sfieccomplications. Moreover, they enab
the assessment of the validity of this model byelating its predictions to the ones made
experienced surgeons.

study

Johnston et al., 2014

Johnston et al describe the importance of overcgii@rarchical barriers between junior a
senior surgeons as crucial success factor forifiration of health care.

Case study

Ferguson and Starmer, 2013

Ferguson and Starmer highlight the role of expeitisrisk assessment in health care facilit
and evaluate the impacts of framing risks in the@romement of interpretation in sud
environments.

Experimental
study

Norris et al., 2014

In their paper, Norris et al. describe a projeet tiakes a systems approach to identify rig
engage health care staff and patients facilitat@add and develop new designs for the b
space in order to demonstrate the application ofdrufactors to a complete design cycle.

Case study

Hastings et al., 2014

Hastings et al. propose a method to classify olltults in the emergency departmg
according to healthcare use, by examining assonmtietween group membership and fut
hospital admissions.

Case study

Most studies are case studies (8 papers), folldwyeekploratory studies (6 papers).
Finally, two out of the 16 selected papers are expmntal studies. After the assessment of

methodological quality and suitability of the se&starticles, we proceeded with the data
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extraction and the stratification of papers acawydio the four classes of outcomes

described in section 4.2.3, as we show in Table 4-5

Table 4-5: Publications classified according to ogbmes

Database

QOutcomes

)

Design of Risk
Assessment
Decision Support
for Health Care

(B)

Design Frameworks,
Processes, and
Methods for Risk
Assessment in Health
care

©

Recommendation or
Implementation of
Improvements in Risk
Assessment Work Situations
in Health care

®)

Analysis of the Impacts of
New Technologies or
Processes to Risk
Assessment in health Care

Science Direct

1

1

1

1

PubMed - - 4 1

Springer Link - 1 1

ACM
Library

Digital 1 1

Wiley Online - 1

Library

Scopus 1

IEEE Xplore 1

TOTAL 4 4 6 2

% 25.00% 25.00% 37.50% 12.50%

In the next subsections, we present an overviewhef selected publications,

describing how they address our research questions.

4.3.1 Design of risk assessment decision support for health care

Regarding our research questions, lakovidis anddrapgiou (2011) propose the
use of fuzzy cognitive mapping, which includes ais that can be causally interrelated
and represent uncertain and imprecise knowledgeugiir fuzzy logic. These concepts
encompass tools for modeling and simulation of dyisasystems, based on domain-

specific knowledge and experience.

According to lakovidis and Papageorgiou by usingzfu cognitive maps in
intuitionistic systems like health care, a factbhesitancy is introduced in the definition of
the cause—effect relations among the system, grayidn additional cue regarding the
experts’ knowledge and way of thinking, which irases understanding of real work and

improves decision-making.
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Related to our major research questions Kong et(Z812) suggest that the
complexity of inference mechanisms and difficultiasrepresenting domain knowledge
hamper the design of clinical decision supporteyst like the ones used in patient risk
assessment. Therefore, representation of humanoniegs and uncertain medical

knowledge are critical areas that require refinethmdologies and techniques.

Regarding our sub-questions Kong et al. concludg tte approach they propose
provides reliable and more informative diagnosmoremendations than manual diagnosis
using traditional rules when there are clinical emainties, which brings significant
improvements to the system diagnostic. After evatgaa prototype built using their
approach, they also state that the clinical risktication provided the triage of patients to
appropriate levels of care, tackling uncertaintiesncomplete patient data, improving

decision-making.

The paper of Alemdar, Tunca, and Ersoy (2015) alddresses the challenges in
understanding human behavior from a well-beingsssent perspective in order to enable
the construction of a health conditions assessrdenice based on models of machine
learning. The approach proposed by Alemdar, Tuaod, Ersoy is not specific for health
care risk assessment applications, but uses datadtudies of human behavior for health

assessment perspective in their experiments.

Hundt et al's work (HUNDT, ADAMSegt al, 2013) relates to our major research
guestion as it describes the implications of poatarstanding of how work is performed in
technology design, and its impact on workflows gmdcesses. Regarding our second
research questions, according to Hundt et al. seeafl proactive risk assessment can help
designers identify potential problems that, if dgarded, commonly result in poor health

IT implementation.

Regarding our second sub-question, Hundt et alhligigt that proactive risk
assessment methods demand high commitment by teambens, and their effectiveness
for health IT implementations has not yet been emach Although the physician order

entry is not a risk assessment progessse managing patients involves the evaluation of
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their health conditions and the prioritization odatment, which is similar to the patient
triage process.

4.3.2 Design frameworks, processes, and methods for risk assessment in health care

The framework McClean et al. (2011) propose aimslentifying better pathways
to patients based on their characteristics like, @gader, and diagnosis. Therefore, the
framework enables the assessment of patients’ aiséshelps determine the pathway of the
patient. McClean et al. present a case study tavshe application of the approach they

propose, which meets our first sub-question.

According to Card et al. (2012) risk managemeritaalth care is largely concerned
with routine risks that stem from everyday seryicevision, which makes it possible for
health care organizations to learn from experieand make risk management more
effective. However, regarding emergency operationskers do not often use previous

experience to improve risk management processes.

Thus, Card et al. used the PHA Toolkit to examind screase comprehension of
the system in order to reduce the risk associatddthe hospital’s emergency operations,
thus addressing our major research question. Byidgaorganizational learning from the
PHA, the authors suggest that the probability gklof organizational changes - made by
other techniques like exercises and drills - hasedesed.

Although it doesn’t address directly our sub-questi Card et al. recognize that
domain comprehension is a major concern in thegdesi support devices, and state that
the use of the PHA Toolkit helps designers to battederstand the domain and work
processes for risk management in health care emmeats — and this relates to our major

research question in some extent.

According to Pennathur et al. (2014) diagnosingepaiconditions from their major
complaints and lab tests results, as well as piiadipatients’ progress over the course of
their stay (which relates to patient triage anet éassessment), demand situation awareness
and real-time decision making under high stresshéalth care workers. Even for routine

care, workers have to interpret quantitative analitptive information from patient history,

50



physical conditions, and many other aspects inrom@eenerate diagnosis and treatment

plans.

To which concerns our research questions, Pennathalr state that work in health
care emergency involves significant informationdshgognitive activities, however, it's
mostly supported by exogenously designed informasigstems, which are produced with
gaps of information about the domain and insuffiti@put from end users on their needs

and practices. This fact imposes limitations ® ¢ffectiveness of such support tools.

According to what Pennathur et al. present in thaper, the presence or absence of
information determines how and why people in a wsyktem create endogenous artefacts,
work practices and strategies. Moreover, the stualy information provides an
understanding of how information technologies tppgrt complex cognitive work can be

designed better.

According to Cagliano, Grimaldi and Rafele (20148 tlinical risk is determined
by many factors relating to the system, the envivent, and the interplay of individuals
operating in the processes connected to the dglofecare, which increases the possibility
of medical errors during therapy prescription, @ragion, distribution, and administration.
Thus, there is strong need for understanding tggering events of medical errors as well

as their correlations, in order to decrease thbability of occurrence.

To which concerns our research sub-questions, dicgpto Cagliano, Grimaldi and
Rafele the mapping of the discrepancies in theesydiarriers (failure modes and kinds of
waste), they were able to make operators awaretbfriisks and waste existing in a health

care process, supporting decision makers in sqttilogities for intervention.

4.3.3 Recommendation or implementation of improvements in risk assessment work
situationsin health care
According to Aringhieri, Carello, and Morale (2018)ge amounts of data about
health care workers activities are never usedmmroving the system performance and the
prioritization of resources. Thus, in their papeede authors explore the question if such

data could be used to foster the design of decsigport tools.
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Regarding our research questions, Aringhieri, Garednd Morale suggest that
modelling, simulation and mathematical programmiag be successfully applied to an
emergency service, in order to evaluate its cumpenformance and to provide suggestions
to improve the way resources are prioritized. Therpization of resources in health care
services relates to the triage of patients thatisheceive priority assistance, therefore the
study of Aringhieri, Carello, and Morale — whichpéores the allocation of resources such
as ambulances according to people’s needs — mbiito our research questions, although

not a perfect fit.

The work of Hepgul et al. (2012) meets our majgesech question, since it aims at
showing the implications of understanding of staeffperience in the decision-making
process in clinical services like patient triageti@atment for the risk of depression in

patients with hepatitis C.

According to Hepgul et al. the contact betweengmasi and professionals is the
major process of gathering information about pateemditions. Therefore, the relationship
between patient and health care professionals brusinderstood in order to improve the

diagnosis process or implement decision suppoitdsy

According to Johnston et al. (2014), the recognitad patient deterioration and
subsequent communication to a senior colleagugpisdlly performed by a junior doctor,
who is most of the times the first point of contémt nursing staff when a postoperative
patient becomes unstable. This relatively inexpeee doctor must make a rapid
assessment of the patient conditions in order ¢addevhether to ask a senior colleague for

assistance.

Deficiencies in this process may occur due to latClexperience, but also due to
unavailability of information about patient conditis, poor risk assessment guidelines,
communication failures, and lack of considerationtie human, technical, and patient
factors involved in this critical process. All tleesspects refer to our major research

guestion.

Regarding our sub-questions, Johnston et al's stishs the Healthcare Failure
Mode and Effects Analysis (HFMEA) (STALHANDSKE, DEFSIER e WILSON, 2009)
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in order to assess and analyze risks in the eswalaif care process, enabling the
identification of failure, and avoid patient harmmaking possible to describe
recommendations to improve patient safety on syrdepartments. According to Johnston
et al. human factors and technological failure wiglentified as the major causes of

communication failures between workers.

Ferguson and Starmer (2013) address our reseamestians by examining the
effectiveness of framing as a tool for improvingdarstanding about health risks.
According to Ferguson and Starmer, although ri¢grimation can be framed in a number
of ways, they focused on frequency-based repres@méaexploring, in particular, the
natural frequency effect (NF), which results in noyed problem solving compared to

logically equivalent information presented as ctindal probabilities.

According to Ferguson and Starmer, there is evigldhat framing lead to more
accurate calculations of patient risk, althoughsitunclear whether they also improve
diagnostic understanding, as the link between tatiog and understanding has not been
examined before. This statement relates to oumsksob-question, although Ferguson and
Starmer state that incentives improved work perforoe and interpretation of patient

conditions, regardless of framing.

Norris et al. (2014) cite examples to illustrate tlalue of human factors in design
of solutions for the health care domain. AccordiogNorris et al. it is necessary to
understand the health care processes in quedtr@ugh observations carried out jointly by
the research teams, in order to ensure multi-diseify perspectives and enable the

improvement of work situations and the design &daive support devices.

Although the work of Norris et al. was restrictedat part of the total care pathway
of an elective surgery patient (it excluded diagsosurgery, discharge and recovery within
the community), they state that it gives an ide#hefsize and complexity of entire health
care systems, including the evaluation of patientdions.

Although they do not address directly our majoreagsh question Hastings et al.

(2014) highlight the importance of studying pattein service as a source of information
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about the domain, in order to provide accuraterjpization for older adults in emergency

departments — which addresses our first reseatziosestion.

Hastings et al. do not suggest specific human factoncepts. However, the
authors highlight aspects of complexity in heal#inecservices, especially how variability
hampers the identification of patterns; and suggests of improving health assistance.
Moreover, Hastings et al. recommend the use ofntaf#ass Analysis (P.F. e HENRY,
1968) (J.K. e MAGIDSON, 2002) to identify groups oidividuals in the emergency

department with unique patterns of health servese u

According to Hastings et al. the group membershgs \predictive of the future
unscheduled health care use, providing an exanfph®w available data from electronic
health records can be combined into meaningfutetasimproving quality and cost of care

provided to seniors.

4.34 Analysis of the impacts of new technologies or processes to risk assessment in
health care
The objective of Park, Lee and Chen’s study (PAREE e CHEN, 2012) is
providing design guidelines for future EMR systeimg,understanding how the electronic
documentation lead to changes in work practices hanv these effects could be decreased.
Although their work has not focused specificallythre risk assessment process, patient

triage was one of the work situations who has lodxserved during their studies.

The work of Park, Lee and Chen address our secesearch sub-question, by
stating that the use of the electronic notes lednoincreased workload for residents.
According to the authors, it happens due to thegdorcharting times and the shifted
responsibility from workers, which enabled the rmefece that the design of electronic notes
should follow the design adopted by professionalstheir current physical notes.
According to Park, Lee and Chen the implementatiban EMR system can hamper the
social nature of clinical work if the specific donanting locations, the medium, and the

information needed to complete tasks are not stiudiiging design.

According to Glascow et al. (2014) optimal stratefigy patient risk mitigation

might be to prospectively identify risk at the indiual level, as it would give enough time
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to engage in strategies to prevent specific surgieaplications. However, few available
decision support tools assess the patient riskabkes for a broad group of operative
procedures and surgical outcomes, and minimal kedgéd exist on the accuracy of
surgeon risk assessment with or without decisiqpstt tools.

Although no human factors and ergonomics concegse hbeen explicitly
demonstrated in Glascow et al's work, the authiggréd out that both the risk prediction
models and surgeons could identify patients whoewapre likely to develop specific
surgical complications, highlighting the importarmfeexperience in this kind of decision
making. Both the model and surgeons were alsotalpeint out the risk for specific health

complications for patients, which partially address first and second sub-question.

4.4 Discussion

Among the 20 papers discarded after full readidgpflthem did not match any of
the research questions. Two publications were discbdue to low methodological quality
according to the aspects we described. The othkediscarded publications met other
exclusion criteria. The two databases that predentere search results were the IEEE
Xplore (614 publications) and Science Direct (403)wever, this order have changed in
the final selection of papers, as the PubMed da&ltancentrated most of the selected

publications (five publications), followed by ScanDirect (four publications).

We believe that the broader range of the SciencecDdatabase contributed to the
big amount of references found, as well as to #wt fthat it remained as one of the top
databases in the final selection. The Science Dulatabase collects publications from
diverse fields, from physical sciences and engingetife sciences, health sciences, and
social sciences and humanities. The PubMed coratestpublications from life sciences
and biomedical — it uses the Medical Subject HegglifMeSH) controlled vocabulary
(BODENREIDER, NELSONet al, 1998).

Furthermore, our research topic is interdiscipynaithough our research questions
have narrowed the final results. We could infett the medical field shows interest in the
importance of gathering knowledge about work pentamce in patient risk assessment, as

well as the contributions that cognitive enginegrian give to this subject. Although other
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fields like engineering and computer science hdse ahown some results towards our
research questions, these areas present broads:; fag. the risk assessment for multiple
domains in complex systems, or contributions framhuman factors discipline to multiple
processes — rather than risk assessment - in rezakth

Among the papers discarded due to unmet reseagstigas, two of them proposed
human factors methods for coping with complexityigk assessment, but were not directly
applicable to health care. This finding points the significance of studies about judgment
and uncertainty in risk assessment in multiple domalt also shows that the risk
assessment in health care presents many oppoesuhii the use of human factors and
ergonomics in improving work situations, even tHouyeir applications might not be
specific in the design of support devices or madglvork performance, as stated in our

research questions.

Moreover, although most selected papers describet froblems in the
representation of the domain hamper the implemientat improvements, the final amount
of papers selected for data extraction represeststhan 1% of the papers retrieved. This
shows that the implications of lack of understagdabout actual work performance in the
design for complexity in risk assessment in healire need further research. This also
highlights the specificity of the topic we exploredthis review. However, it's important to
notice that we did not assess timensity of suitability of a study to our research

guestions, e.g. some papers might be more or lgsdbke than others.

Regarding outcomes, we see that most of selectqubrpaare related to
recommendations of improvements (six publicationdgcision support tools (four
publications), and design methods (four publica)pmvhile two publications explore the
impacts of new technologies and processes. Thiwskimat most related research explores
the potential of cognitive engineering in providitogls to improve the design for complex
work situations like risk assessment in health gayegk environments, although the impacts

of these applications in human performance havdeeh extensively assessed.

We can also see that most PubMed publications é&mtusn proposing

improvements to risk assessment work situationealth care environments, which
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supports the idea that the medical area is focusedmproving risk assessment work
situations rather than exploring the potential bhical decision support technologies.
However, the selected studies show that, whilestbfit approaches have been taken, the
associations between lack of knowledge about actagt and failed attempts in improving

work situations or employing support technologiessamilar in all research areas.

4.5 Conclusions

This literature review gathered recent contribwgioto multiple areas, from
engineering to biomedical, on the contributionst tbagnitive engineering gives to the
design for health care risk assessment, espedigllgontributing with the increase of
knowledge about real work performance in such regdti In this paper we present
information about how this research topic has eggproached, results, accomplishments,

and opportunities for further research.

Papers selected for review were very diverse imgeof the aims of the study, the
underlying theoretical frameworks and methodologiased, reflecting how
interdisciplinary our research topic is, and thedavirange of research backgrounds

employed in finding answers to our research questio

The selection criteria we adopted in this reviewlynthat relevant studies may
have been excluded. Relevant papers published éb&0t1, or in conferences are not
presented in our review of the literature, as vasllpublication in other languages rather
than English. Moreover, the search terms, combuaighl the inclusion exclusion criteria,
narrowed the results, which might also have lefevant studies out of the reviewed

articles.

Furthermore, results included studies from sevar@ds like medicine, engineering,
and computer science. We did not present spe@§earch questions associated with each
area, therefore some papers might have been exklizdenot addressing the research
guestions, although they might have explored ogeasch theme in some extent. This
aspect has also influenced the assessment of #gtigycpf the papers and their suitability to
the research questions, which wasn’t also perforammbrding to specifics of different
research fields.
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Regarding the stratification of papers accordinth&r outcomes, it has been useful
to point out which kinds of results have been eigobdrom research in the topic we
explored. However, it might also limit the rangesoime publications, which, sometimes,
presented more than one kind of outcome. More®zene ambiguity about which class an
outcome should be under might occur.

An opportunity for further studies would be to ergahe search to include other
contributions of human factors and ergonomics & dhsign for health care — rather than
specific contributions to patient risk assessmeas well as the contributions of other areas
to the risk assessment in health care. This coddtiess important aspects, for example,
which areas have made recent contributions tontipedvement of health care services, and
subsequently to the risk assessment in healtherasieonments.
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5 Results

In this thesis, we present three research questiieswrote four scientific papers
to address such research questions — two artidd®ssed the third research question. In
the next subsections, we present the four mentiguagers. All papers have been either
published or submitted, thus, we present citatidga for all of them in the corresponding

section’s foreword.

5.1 Article 1: Designing for Patient Risk Assessment ifPrimary Health Care:

a case study for ergonomic work analysis

511 Foreword

In this chapter we study the importance of a caestsdescription of actual work in
patient risk assessment in the primary health dareain. Through a case study in the
context of primary healthcare, we address the relkgaroblem of finding ways to build
consistent work descriptions of the patient riskeasment system in the primary health

care domain, in order to foster the design of imptbwork situations and support devices.

This is a qualitative field study based on ethnpbi@a observation and semi-
structured interviews carried out among professgmavolved in the risk assessment
process in a primary health care facility. Theecolg of ergonomic work analysis were
work places and work situations with focus on hunaativity, as well as surrounding

aspects.

The analysis identified elements in the work domaith high cognitive demand
and operations that could increase mental worklgadyiding elements for the earlier
stages of the design of work situations and supg@vices to improve the risk assessment

in primary health care,

Here, we demonstrate the usefulness of actual weskriptions in the design for
complex situations like the risk assessment intheehre, as well the impact of poor
descriptions in generating harmful situations foothb the patient and health care

practitioners in the explored domain.
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This chapter resulted in one scientific article,thwithe following citation
information:

Jatoba, A., Bellas, H. C., Bonfatti, R. J., Bur@s, Vidal, M., & Carvalho, P.
(2016). Designing for Patient Risk Assessment im&ry Health Care: a case study for
ergonomic work analysi€ogn Tech Work , 18:215-231

5.1.2 Introduction

Health care systems are struggling to respond tipleuchallenges in a complex
and constantly changing world, while high levelsirdquity in health status still exists,
both globally and within nations. To improve theatity of services, health care systems
must use multifaceted approaches integrated wal loontext, involving sustained action
and engagement across multiple levels (REID, COMR;T&D al, 2005).

One of the major processes in health care is thRiation of patients’ risks and the
corresponding triage according to their conditiofisis process involves the identification
of symptoms, listening to the patient’'s complaiatsl expectations, and evaluating the
patient’s vulnerabilities. It's a dynamic and sifey process, and patients and professionals
are both responsible for the decisions made. Tesisions can be critical as they involve

the possibility of harmful situations both for thatient and the health care workers.

Furthermore, the risk assessment process encomspagsEnizational practices and
procedures that may not be fully disseminated, @l &g clinical traditions and practices,
presenting singular combinations of knowledge. Thasnpers the use of an algorithmic
approach, limits the usefulness of currently awddasupport tools, and challenges the

design of support tools.

Thus, we propose that an ergonomic approach camské&l in this case, as
modeling can help to understand the knowledge tstres and cognitive demands that can
occur in these situations. Ergonomic work analy&8VA) is one possible method to

understand organizational constraints and afforelarend reveal the way organizations
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manage complex knowledge structures and contriputinthe design of new support

systems.

In this paper, we present a case study of the ¢éracof a EWA in a primary health
care facility responsible for providing assistatnegeople from a poor community in Rio

de Janeiro, Brazil.

5.1.3 Research Problem and Questions

In health care, one of the major barriers in dasgsuitable medical devices is the
prevailing idea that safety and success in clinocatedures depend mostly on the abilities
and training of health care workers. Not only dtigs create an attitude that problems can
be trained away, it reduces the motivation to dijosgamine the tools that people use in
their work or the understanding of how they usentifORRIS, WESTet al, 2014).

In any sociotechnical systems work is underspetimd humans adapt their
behavior to cope with the system'’s inherent complexand such a fact makes it difficult
for analysts to build descriptions of work perfomoa (CARVALHO, 2011). Traditional
approaches that are common in healthcare like atdizhtion and division of labor look
effective under normal conditions. However, theyynceeate gaps and increase risks for
hazardous situations under abnormal conditions (REM, WEARS et al, 2011).

Moreover, the dynamic behavior of complex systesalso influenced by human
characteristics like fatigue, mood, and emotiorsswell as interaction with other people
and with the environment, the influence of the pagieriences and culture of the people
working within the system (NORMAN, 1980). In som&ays, human decision makers
strengthen systems due to human flexibility anditgltio adapt to changes that face the
system (AHRAM e KARWOWSKI, 2013).

Thus, in this paper we address the problem of figdivays to build consistent
descriptions of the actual work performed on patresk assessment system in the primary
health care domain, in order to foster the desigimproved work situations and support
devices. We suggest that EWA might be one appré@adapture the richness of human

work in this environment. The analysis of how wenk actually perform rather than
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describing how work has been prescribed to be pedd, and the study of differences

between these aspects provides a range of despgmtopities.

We present a case study using EWA as an approackhéoanalysis of work

situations in complex systems like health carenaans to address the following questions:

« How can work situations be enhanced and suppolte\be designed in
order to improve the risk assessment process rmgpyi health care?
« What are the contributions from ergonomics to tesigh of improved work

situations and support devices for risk assessmdrgalth care?

We believe that the results we present in this pd@e the conceptual and
practical significance of helping designers to ustéd the implications of work
descriptions in the design for complex situatiake risk assessment in health care. Our
results also aim to minimize the impact of poor adgsions in generating harmful
situations for both the patient and health carectfraners in the explored domain.
Furthermore, the case study of ergonomic work amalye described here contributes with
transformations of complex, dynamic, and high-deditagn work situations, like patient

risk assessment.

5.1.4 Research Setting

This study was carried out in a primary health ¢acdity in Rio de Janeiro, Brazil.
According to the Brazilian health care policy, eaxdo health care services must be
universal, including actions for promotion, protentand recovery, with priority given to
preventive activities. Thus, primary health carn$ out to be the major strategy in the
Brazilian health care system, as it is charactdrizg a set of actions, both individual and
collective, in order to cover promotion and proiact of health conditions, disease

prevention, diagnosis, treatment, rehabilitatiod araintenance of health.

Currently, primary health care in Brazil is mostgpresented by the family health
care strategy, developed through the performana@aref practices by health care teams in
delimited territories, considering social aspedtshe locations in which patients live. In

the family health care strategy assistance ocaitsib primary health care facilities and in
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people’s residences. In Figure 5-1 we can seedbie Btructure of the reception of patients

At the health
care facility

l Receive patient

by the family health care strategy.

Identify current
patient risk

Go to patient
residence

Assess risk

A 4

Assist patient

Figure 5-1: General structure of patient reception

Before visiting the patient's residence professieriaecome aware of patient’s
current risk state. In the health care facilitystis not possible, since patients arrive without
appointments. Either way, all patients in the prynaealth care system must undergo risk
assessment before getting assistance. The risksaseert process consists in the evaluation
of patients’ severity and vulnerability, resulting the prioritization of care actions. This
process is based on the protocol described in Mssteh Risk Rating Scale
(MANCHESTER TRIAGE GROUP, 2005), in which colorseaassigned to patients
according to the severity of their conditions. Tdreinal protocol consists of five colors
(black, red, yellow, green, and blue, consideritagkthe worst patient conditions and blue
the best patient conditions), however, the primfaglth care facility in which our study
was carried out uses a modified version of the siskle in which the color black is not

present, and the worst patient conditions are sgmted by the color red.
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5.1.5 Methods

Primary data is based on a qualitative field staayied out with ten professionals
directly involved in the risk assessment processngawith two managers who were
indirectly involved with the risk assessment pracesa health care facility. The objects of
analysis are work places and work situations wattus on human activity. The context is

the workplace and its surrounding aspects.

Data collected by means of ethnographic observaMWMERS, 1999; NARDI,
1997) and semi-structured interviews through cosatgonal action (VIDAL e
BONFATTI, 2003) were recorded through photos, vigland notes. Through ethnography
the observed group and its culture issues are stodel by living in the same environment
and making the things that the people make, trianact the way they act while collecting
empirical data. This way it is possible to underdtaow and, mainly, why the activities are
done in one determined way, because the phenonisrstndied inside the social, cultural
and organizational context. This strategy of gatigedata allows grasping social scenes
with its conflicts, misunderstandings, negotiatiprocesses, and creation of consensual
arrangements to avoid prescriptive rules (SILVA JOR, BORGES e CARVALHO,
2010).

From the point of view of the activity analysis,the subjects are observed in actual
work settings, the physical, organizational anduwal constraints provide background for
inferences and hypotheses about cognitive actyitmhich are going to be and validated

with the participants in further steps of the asaly

This study is in accordance with the ethical ppies of the Resolution n°® 466/2012
of the Brazilian National Council of Health Care#Bilian Ministry of Health regarding
scientific research involving human beings, andlteen approved by the ethics committee
of the Sergio Arouca National School of Public Hie®llOCRUZ.

5.1.6 EWA asa Formative Work Analysis Approach
The human interaction with a physical system alwegasists of actions, i.e.,
changes of the spatial arrangements of things,the.body and external objects. Actions

have extensions in time, and decompositions ofrgentiactivity into a sequence of actions
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can be done in many ways (RASMUSSEN, 1979). Thrdhglstudy of workers’ behavior
in work situations, EWA increases understandinguadmw workers actually see their
problems, indicates obstacles for the accomplishnoénactivities, and enables these
obstacles to be removed through ergonomic actidlsNER, 1995).

Activity is a system of human performance, indiatly and societally, whereby
subjects work in order to achieve an outcome. Huraativity is performed in a
multifaceted, mobile, and rich way, presenting atons of content and form
(ENGESTROM, 1999; HUTCHINS, 1994). Any activity dad out by a subject includes
goals, means, the process of molding the objedtresults. The goals of an activity appear
as the foreseen result of the creative effort. Mweee, while performing the activity, the
subjects also change themselves. Societal lawsfesarthrough human activities that
construct new forms and features of reality, tugnmaterial into products (DAVYDOV,
1999).

From the activity theory perspective, cognitionaisset of unconscious mental
operations automatically unfolding over time or wahry conscious cognitive actions
(KAPTELININ, KUUTTI e BANNON, 1995). These two lels of information processing

are interdependent and mutually influenced.

Thus, activity is a goal-oriented system. The goflactivity is a conscious
representation of a desirable result. As a systask consists of cognitive and motor
actions, cognitive operations, and processes redjuir order to achieving a goal. The
complexity of the task is determined by the numbérelements in the system, the
specificity of each element, the manner in whiatytimteract, and the modes in which the
system can function (BEDNY, KARWOWSKI e BEDNY, 2014

Like other activity-centered approaches such as dberse-of-action analysis
framework, the EWA approach can also be usefuliferanalysis of both computerized and
non-computerized work situations, and it's alsouexd on the analysis of workers’ actual
work situations, aiming for the design of improveelw work situations. Inspired by the
some critics of early human-centered systems demgpgmoach based on human factors
instead of human actions and in the French traditiergonomics (NORMAN e DRAPER,
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1986; OMBREDANE e FAVERGE, 1955; WISNER, 1995), tmrse-of-action approach
(THEUREAU, 2003) proposes the study of the humastesy by the human interaction
with the environment through tasks, cultural défieces, behavioral acts, performance and
learning. The EWA approach takes a similar patid, grovides a structured set of phases

and tools that simplify the data collection and ¢bastruction of models.

Both approaches give high emphasis in the tramshietween the analysis and the
design of intervention projects, however, the EWgpraach focuses on the definition of

recommendations and their validation with workers.

Relationships are very important for EWA. The midiea is that ergonomists must
be as close as possible to work situations, obsgmyie activity from as close as they can,
and validating recommendations directly with wogkerin order to accomplish that, the
EWA approach provides tools to define and desagibeips and explicit responsibilities for
workers and ergonomists during the analysis. Tiheia to reduce tensions during the
ergonomic intervention, as workers become parhefgroup that builds the solution, and
help keeping the flow of information about how wosktuations are going to be
transformed (CARVALHO, 2006).

EWA is also involved with musculoskeletal disordeaused by work posture,
wrong movements, inadequate furniture or other wetted because these issues are
important factor to be considered in ergonomic getyg, however, psychosocial, cognitive,
and individual factors also contribute to the depehent of work-related injuries (NIOSH,
1997; CORLETT e BISHOP, 1976). Therefore, undedite;mwork activities using EWA
enable investigations about physical disorders aligtovering of socio-cognitive
implications to work, and it is compatible with ethframeworks and tools for cognitive

analysis and modeling.

Both EWA and cognitive work analysis (CWA) (VICENTHE999) give emphasis
in the identification of intrinsic work constrainnd how these constraints affect the
behavior of workers. However, EWA also takes iatttount the influence of physical
components of the work environment in workers’ maémnd physical distress, and the

impacts of changes in the workplace settings —amdy through the inclusion of new
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technology - but also transforming the overall wesktting, influencing workers’ moves,

postures, processes, tools, and equipment.

Difficulties of the work situation, perception dig worker, the strategies workers
adopt to satisfy work demands, and potential rigksazards involved in work performance
lead to differences between the prescribed worgkjtand the actual work (activity). In
order to describe social relation in health cargirenments, we must have a deeper
understanding of social relations that involve mpldtteams with overlapping or competing
interests (JIANCARO, JAMIESON e MIHAILIDIS, 2014)Yhus, EWA is centered on
activity analysis, opposing the study of workersitmn on tools or devices, focusing on

observing how workers actually perform their adies.

Moreover, especially in complex work situationsuated cognition is the basis for
activity. In general, organizations develop worksteyns and support technologies
imagining a system that is supposed to be constaletrms structure, time, and demands.
However, in the real world, to cope with variatipribere is the need of continuous
adjustments in the operational performance, agdences of tasks may vary enormously
and quickly, both individually and among groupsaafrkers. In these cases the hazards of
performance may occur due to the high degree adtamthination of the demands of the
task (OMBREDANE e FAVERGE, 1955), and the high @egof performance adjustment
needed to cope with variations (HOLLNAGEL, 2012).

Thus, as the systems do not enable workers to beeav¥ important signals which
could be used as basis for their decisions, thé&analysis must focus on cognitive issues
in a broad sense, rather than only on humans aggsimg information units, or in physical
constraints in work performance. To access worksitsiated cognition and, hence, the
intelligence of the workers, we must perform dethilobservation of their behavior
(WISNER, 1995).

5.1.7 A Four-phase Approach to Ergonomic Work Analysis
In this paper we propose the use of a four-phapeoaph to EWA as can be seen in
Figure 5-2. This representation of EWA as a spratess indicates that phases might be

performed iteratively until the final results ardgtained. Iteration is the act of repeating the
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process in order to achieve the expected goal (BREN, 2014; SOMMERVILLE,
2010).

Framing Global analyis

Description of the social construction EAMETA
Definition of the initial demand Pre-diagnosis and
elicitation of ergonomic needs

\
2N
Z

Validation

Intervention project

Operation modeling

Work flow and process models
Problems report

List of recomendations

Qutline of possible improvements

Figure 5-2: Phases of EWA

In ergonomics, the operation comprises observahlts pof work (movements,
postures, communication), and non-direct observiaBlges such as the cognitive functions
like perception, attention, memory, problem-solviagd decision-making. These are the
essentials of activities descriptions, i.e. the tnorking conditions. In the next subsections
we explain the four phases of the proposed apprimadEWA.

5.1.7.1 Framing

The expected result of the first phase of EWA ie #iicitation of the initial
objectives, i.e., the general idea workers and rorgéion (represented by the managers)
have about problems that affect work situations @ired solution they initially desire. In
subsequent phases, this initial objectives shallctefirmed (or not), turning into the

description of actual ergonomic needs for bothslead workers and managers.

For example, workers might be complaining aboupecsic tool, saying that it is
not appropriate for the work that is being perfodmeédowever, the tool might not be the
actual problem. Problems might be organizatiomalplving the processes in which the
tool is being used, like the way the tool is beursgd. This investigation will be performed
iteratively during subsequent phases and will bsemsal for the elicitation of the

ergonomic needs in the global analysis phase.
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In the framing phase we also describe general s&spéthe organization, such as
its history, location, relation with its surrounds) and context. Deeper relationships are
also established to facilitate observations anéruntws during fieldwork. In order to
enhance the exchange of general and specializedléage, mobilizing the professional
competencies available requires engagement to despationships between workers,
managers and ergonomists (VIDAL, CARVALHO e SANTQ@809). During this research

we use three major groups of people:

« Support group: professionals that work in the oizgtion and are meant to
support fieldwork. They are stakeholders. Thisugr@aomprises directors
and managers responsible for the initial demandavedlsas giving access to
the organization, enabling the ergonomic action;

« Focus group: this group comprises the subjecth@fanalysis. This group
must indicate which work situations will be analgzeand why (more
representative,  critical, more time consuming, hwinore cognitive
demands) and, therefore, which professionals Wwél observed and
interviewed,;

« Accompaniment group: professionals that work indhganization and will
join ergonomists as part of the analysis team.yTda® be recommended by
the support group, but must definitely have stredations with the focus
group, as they will be the ones to reveal esseaspkcts of how workers
perform their tasks, enable observations, put ergusts in contact with
professionals at work, arrange meetings betweeonergists and workers,
validate results, etc.

Professionals can be members of more than one gmodphere’s no limit for the

amount of professionals in each group.
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5.1.7.2 Global Analysis

The objective of the global analysis phase is tecdbe, by means of context
analysis and operation, which work situations dbtudeserve intervention. In order to
accomplish this phase’s objective, the functionahtext of the organization must be

described, e.g. its population, work organizatiwark processes, and scope.

Among all work situations studied during the framiphase, in order to focus on
the situation that actually needs intervention detine the ergonomic needs, we suggest
the use of an analytical tool called EAMETA (RICARVIDAL e BONFATTI, 2012).

The EAMETA tool is used to evaluate six aspectwank situations as follows:

Space: includes physical features of the workspace;

« Environment: comprises workspace elements, circamests or conditions
and their parameters in means of how they inteifeveork performance;

« Furniture: includes furniture and objects peoplee us perform their
activities and the way those objects are dispaséiae workspace;

« Equipment: includes tools professionals use togpertheir activities;

« Task: comprises rules, regulations, proceduresoajettives that determine
the workers’ functions;

« Activity: includes the necessary steps workers npastorm to accomplish
their objectives.

A set of workers must be selected for interviewswinich they will give their
opinions about work situations, scoring each onthefaspects from 1 (very bad/very high
demanding) to 5 (very good/very low demanding). e rgonomist responsible for the
analysis also observes and evaluates the worktisituand provides a score. The final

score is calculated by averaging the scores giyewdrkers and by the ergonomist. An

aspect which final score is below 3.0 is potentialicandidate for intervention.
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This phase is meant to describe a pre-diagnoswsoodk problems and define the
focus of the analysis, as the starting point isittigal objective, mainly characterized by
worker’s complaints. However, worker’s impressiat®ut causes of distress might not be
actual problems, especially when dealing with cthgmiissues. Thus, it's important to
keep in mind that results of further phases of EW¥ight bring the analyst back to this
phase and new applications of the EAMETA tool cannecessary to find out actual

problems.

5.1.7.3 Operation Modeling
Operation modeling consists of collecting evidemee actual activities, making
possible a preliminary diagnosis of work situatioffis is obtained by delimiting and

measuring observable aspects of work and enaldedetription of how people work.

Focused on the opportunities for intervention detkauring the global analysis,
this phase aims the understanding of workers’ hehavperating strategies, processes and
interactions. It implies the description of worKegictivity, including their postures, efforts,

information recovery and flow and decision making.

It's also important to delimit the determinantsvadrk, that might be organization-
related (design of the workstation, formal work amization, time constraints, etc.) or
operator-related (age, anthropometrical charatiesjsexperience, etc.) (GARRIGOU,
DANIELLOU, et al, 1995).

This phase must be carried out by observationshatworkplace, along with
interviews with workers. Flowcharts are used tpresent workers’ activities and the

operation model must be complemented by:

» A set of problems;
« A set of recommendations;

« An outline of possible improvements.

The set of problems must contain their descripfia@aises, consequences, and
evidences found during fieldwork. In the set ofamenendations, each one of them must
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be related to the problems they intend to solvéerAhat, the expected improvements must
be listed.

5.1.7.4 Validation

Validation is the discussion about the ergonomagdosis with the EWA support
group. It consists in presenting the results of EWAhe support group and discussing the
final operation model and its complementary maképeoblems list, recommendations and
outline of possible improvements). In this phassults of analysis and recommendations

are verified and negotiated, resulting in an indé@tion project.

518 Results

Field work sessions have been organized in founggpone for each phase of
EWA as follows: four sessions for framing, eighssiens for global analysis, ten sessions
for operation modeling and one validation sessioRarticipation in a team meeting

completes the fieldwork as shown in Table 5-1.

Table 5-1: Fieldwork effort

Sessions Time/Session _ Total time
Framing 4 1k 4h
Global analysis 8 2h 16 h
Operation modeling 10 1lh 10 h
Validation 2 2h 4h
Participation in team meetin 1 4h 4h
Total 38 h

The framing phase took one session with the gemeaalager, one session with an
assistant manager and two sessions with risk aseasdeams. All eight sessions in the
global analysis phases were used to apply the EAMEBDIl. Four sessions were used to

carry interviews and four sessions were for gengoak observations.

Operation modeling comprised work observation sessfocused on the problems
described in the ergonomic needs. We can see itotloaving sections that they were
necessary to describe cognitive issues involvedecdision making inherent to the risk
assessment process. Two validation sessions with the support and accompaniment
group were necessary to present the interventiojegr In this section we show the
results of the EWA carried out in the primary hlealare facility.
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5.1.8.1 Framing
The general administrator of the primary healthedacility accompanied the first

visit, and the relationships necessary to carntloeifield work were defined as follows:

« Support group members:

0 General administrator of the primary health camlifg, responsible
for coordinating all areas, from infrastructurenb@dical assistance.
During interviews, the person in this position pgeth out which
workplace should be the focus of the analysis dummplaints from
workers about work situations, and designated t&psional who
would accompany the ergonomic action.

« Focus group members:

0 Five orderlies and five nurses whose workplace i®a@n in the
primary healthcare facility entitled “the risk assment room”.
According to the support group, those two groupprafessionals
are the ones directly involved in patient triagel aisk assessment
processes.

« Accompaniment group members:

0 Assistant manager of the primary health care tgciliwe called
assistant manager one of the four assistants tgaheral manager.
The one that has been designated for the accompahignoup is
responsible for supporting professional continugaycation in the
primary health care facility, and his/hers backgiuincludes

concepts, processes, workflows and tools that aesl in the risk

73



assessment workplace that has been pointed ouhéysupport
group.

Figure 5-3 shows the representation of the grolatioas.
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Figure 5-3: Group relations in the primary health care facility

This phase started with an interview session withgeneral manager in which for
the definition of the focus and accompaniment gsougembers. In this interview, the
general manager pointed out the risk assessmemt asa focus of complaints by workers,
therefore a potential high-demanding work place&tuires of the risk assessment room can
be seen in Figure 5-4 and Figure 5-5.

Figure 5-4: Desk of the risk assessment room

Figure 5-4 shows the desk with the computer anatavesee in a small sink in the

back. There are also two chairs: one for the paaed the other for one member of the
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risk assessment team. We can see that the deskwvhasmall drawers, used to store

medical equipment, paper, etc.

Figure 5-5: View of the weighing machines and theretcher in the risk assessment room

The room has also an exam table and two weighinchmes, one for adults and
one for kids. A second chair, which cannot be sadrigure 5-4 and Figure 5-5, is used
for the second member of the risk assessment fElaenlayout of the risk assessment room

can be seen in Figure 5-6.

%

Figure 5-6: Basic layout of the risk assessment rao
The accompaniment group has also been designaf@dording to the general
manager, the professional and continuing educaigsistant manager would be the best
person to join the ergonomists due to knowledgeibbvork processes as well as proximity

to the professionals that should be analyzed.
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Thus, a second interview session has been caruedvith the assistant manager
which is member of the accompaniment group. Théstass manager confirmed that
performing risk assessment is stressful and weatuggto the amount of aspects of the
patient that the professionals must be aware ofyedlsas importance of the decisions that

are made. The assistant manager testimonial caadrebelow:

« “The risk assessment is the major cause of dsstres the clinic.
Professionals don't like to perform it and whenytlu®, they end up their

shifts very exhausted”.

During these first sessions we have been infornted the relation between
scheduled and emergency consultations is an inafettdcking and evaluation of success
rates in medical procedures. It is an importanexnds patients arriving spontaneously
looking for care must pass through the evaluatibrisik and vulnerability process which
includes biological and socioeconomic aspects.

On data extracted from the information system usedhe primary health care
facility, analyzing 2,800 consultations in NovemI2813, 53% of the nursing care visits
are not scheduled. In the case of medical carésyiiis number rises to 76.6%. Only in
dental care visits that number is below half, atidl reaches 23.4%. The foundations of
primary healthcare lie on health promotion and @iseprevention. Therefore, as most
patient receptions are happening spontaneouslywithout booked appointments, the
primary health care assistance service loses igrroaaracteristics.

The two remaining sessions of this phase have lbaemed out with the focus
group. Five orderlies and five nurses participatednon-structured interviews about
essential aspects of their activities, to desaopitieciples, relations, work organization, and
harmful situations.

Both nurses and orderlies stated that they haveep attention in many aspects,
not only of the patient, but the work environmesich as patient’s physical conditions,
patient records and history, as well as be awarh@famount of patients in the waiting

rooms, routing patient to the correct treatmemt, &tccording to the members of the focus
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group interruptions are very common, as other teanmst communicate with them all the
time, but sometimes patients who are supposed tim Iblee waiting room also interrupt

them, seeking for information or assistance.

Based on data collected during the interview sessio this phase, we defined the

initial objective as follows:

“The ergonomic evaluation of risk assessment watg| due to distress it causes

on workers and its potential for generating harmiwdrk situations”.

5.1.8.2 Global Analysis
At the end of this phase, we were able to descaibgre-diagnosis of the risk
assessment work in the primary healthcare fadalitgt, thus, to define the ergonomic need,

i.e. the actual harmful work situation faced by kers that should be mitigated.

Focusing With the EAMETA Tool

Work in the risk assessment room is performed by feams of two professionals
(one nurse and one orderly). For the applicatibrEAMETA four teams have been
interviewed and observed while performing theirivdités, of the ten members of the
focus group, one nurse and one orderly could nanteeviewed neither observed due to
lack of availability. Four interview sessions awodif observation sessions have been carried
out. Results can be seen in tables Table 5-2 beT&8 where T1 to T4 represent the

teams that were interviewed and observed.

Table 5-2: Evaluation of the criteria “Space” withthe EAMETA tool

SPACE

T1| T2 | T3 | T4 | Ergonomist | Score
Ceilingheight | 4 | 5| 4| 4| 4 4.13]
Circulation 41111 2|1 25
Workplace areg 4| 4| 4| 4 1 25
Windows 55| 4| 4] 4 4.25
Visibility 4 |5 |4 |4 |4 4.13
Communication2 |1 [1 [2 |1 1.25

77



Average 3.13

For the “space” criteria problems related to ciation and workplace area were
detected, once the risk assessment room is lo@atadsmall space in the corner of the
primary health care facility. It causes also comivation problems since workers must
seek information about the patient outside the ro@inculation is also hampered by

crowding in the waiting area.

Table 5-3: Evaluation of the criteria “Environment” with the EAMETA tool

ENVIRONMENT
T1|T2|T3| T4 | Ergonomist | Score
Naturallighting | 4 | 4| 4| 4| 2 3
Artificial lighting |4 |5 |5 |5 | 4 4.36
Noise 4 |4 |4 |2 |4 3.7¢
Smell 4 15|4| 5| 4 4.25
Temperature 41 4| 4] 2| 4 3.75
Ventilation 4 15|5]4]| 4 4.25
Average 3.89

For the criteria “environment” we can see in Tabl8 that the risk assessment
room doesn’t have serious lighting or ventilatiorolgems. It has good windows and

natural lighting and ventilation as well as a dilain conditioner.

Table 5-4: Evaluation of the criteria “Furniture” w ith the EAMETA tool

FURNITURE
T1|T2|T3| T4 | Ergonomist | Score
Chair |1 (1 ]4| 4] 4 3.25
Desk 1111111 1
Draweli |1 |1 |1 |1 |1 1
Closet [ 1 | 1] 1] 1] 1 1

Average 1.56
As we can see in Table 5-4, the furniture aspeesent low average value. During

observations, we could see that although the chaikers use is good, the desk has not
enough space to dispose documents, notes and tifguter. During interviews, workers
stated that desk is too small and there’s no dranmdrcloset for personal belongings, and
this could be confirmed during observations. Hosvevmost of the interviewed

professionals also said that’s not a big probleetabse their shift in the risk assessment
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room is only three hours a week. Therefore, theifure aspect is not the first priority for

the ergonomics action in the primary healthcardifjac

In Table 5-5 we show that the equipment is suitalblke workers have good

computer and available medical instruments.

Table 5-5: Evaluation of the criteria “Equipment” with the EAMETA tool

EQUIPMENT

T1|T2 | T3 | T4 | Ergonomist | Score
Compuer 4 |4 |4 |4 |4 4
Medical instrument$5 |5 |5 |5 | 5 5

Average 4.5

Table 5-6: Evaluation of the criteria “Physical denands” with the EAMETA tool

PHYSICAL demands

T1|T2 | T3 | T4 | Ergonomist | Score
Laying 5|5|5|5]| 2 3.5
Physical strength5 |5 |5 [ 5 | 5 5
Visual 5 |5|a4|4]|a 4.25
Listening 5 |5 |5 |5 |5 5
Speaking 41 2| 4] 2| 4 4

Average 4.35

Regarding tasks and activity performance, data alnlel'5-6 shows that no serious
physical demands could be detected in work perfooma Moreover, as we could see

before, workers do not stay in the workplace forg@eriods of time.

Table 5-7: Evaluation of the criteria “Cognitive damands” with the EAMETA tool

COGNITIVE demands

T1|T2 | T3 | T4 | Ergonomist | Score

Attention 1 (1]1]1]1 1
Focus 11 1] 1] 1 1
Memory 101111 1
Reasoning 1] 1] 1] 1] 1 1
Awarenes/Interprettion [1 |1 [1 |1 |1 1
Decision 1 (1)1 1] 1 1

Average 1
However, cognitive demands are very high in thke aissessment as shown in Table

5-7. Along with high memory usage, workers musineeber a large amount of
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information about patient’s conditions and currelical conditions such as vital signs,
temperature, blood pressure, etc. Although they lealequate computers, the software they
used doesn’'t have functionality to store all vaeabthey use, making them use very
volatile tools like sheets of papers and postigksts. Therefore, this information is not

stored and can't be reliably transmitted.

We could observe that during the diagnosis prooghgh can take about ten to
fifteen minutes, workers must keep in mind not ottlg protocol to be followed in each
case, but information like blood pressure valuesient weight and height, eventual fever
status, as well as patient history and values pusly stored in their records — recovered

sometimes electronically and sometimes on phygpiapér records.

During observations, we could also see that inpgions are common, as other
professionals interrupt them to get information anthetimes they must go outside the risk
assessment room to get information themselveskirigaWith other workers in other teams
is an important activity in risk assessment, eglgcbecause much information about
patients are tacit and can only be obtained byriglko other teams that have previously

given those patients assistance.

Interviews and observations let us infer that mo&irmation seeking occurs to
make workers aware of as much aspects as theybman patients’ conditions, which are
influenced not only by their current clinical statiut by the conditions of their families,
and social conditions like employment, residenteasion, safety, etc. Being aware of all
these aspects without adequate support is vericuliff making awareness a very high
demanding element in performing risk assessmeiténfbn is also a very high demanding
element, as workers must be fully concentrated.

We could see that constant interruptions makefficdit to keep their focus on the
evaluation of patients’ conditions and to all pawis that must be followed to evaluate
patients’ clinical and social conditions. We maisto point out the pressure that is imposed
by the importance of correct diagnosis, which mddasor death of patients as well as

other problems as overcrowding of emergency roaniscoease on waiting times.
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Table 5-8: Evaluation of the criteria “Organizational demands” with the EAMETA tool

ORGANIZATIONAL demands
T1|T2 | T3 | T4 | Ergonomist | Score
Time pressure 1] 1] 1) 1 1 1
Division of tasks 5| 5] 5| 5] 5 5
Interruptions/Interferencgsl |1 |2 |1 | 1 1.13
Cooperation 41 4] 4| 4] 1 25
Procedure 1 /1 |1 1 |1 1
Average 2.12

Shift hours, interferences, and interruptions iaseetime pressure, as show in Table
5-8. The lack of standard procedures to perforsesmnents also increases organizational
demands. The primary healthcare managers made sffioe in establishing some
procedures and protocols for risk assessment. Hemyvdwey are not followed by all teams.
During interviews, we could see some workers comjlg about the lack of training on
such protocols.

We could also notice that even when the team krtbevprotocols and procedures,
some situations prevent them from applying suchcgumares, which makes them
workaround. Only two evaluations (workplace affeathe space and cooperation, for the
organizational demands) show discrepancy betweeropimion of workers and result of
the observation by the ergonomist. There hasrénksgnificant discrepancy among the
opinions of workers either. In the case of themdigancy in the workplace area criterion we

could infer that workers are used to the size efribk assessment room.

During field research we could notice that mostmean the primary health care
facility are the same size, so workers might beresi about it. From our point of view the
room should have more space, enabling workers rfonpe their tasks more comfortably.

The discrepancy in the evaluation of the coopematitterion might have a similar reason.

We believe that the fact that the workers mustesiraportant information with lots
of other professionals without appropriate suppwoeking them go outside of the room or
being interrupted many times, is a harmful situatitlowever, the results of the EAMETA
indicate that they don’t see any harm in this $itura Observations of work situations were

very important to capture and describe stresspessifically cognitive ones which couldn’t
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be diagnosed only by asking workers what they'relifig. To understand cognitive
functions, we have to appreciate the context irchvithey are carried out.

Pre-diagnosis and Elicitation of the Ergonomic Neesl

The risk assessment process is a sub-process pfithary care triage. Triage is the
first contact between health care professionalspatignts, and is the act of receiving and
listening to patients’ complaints. It is considiithe fundamental process in performing
primary health care actions. As part of triage, plurpose of risk assessment is to deepen

the evaluation of demands that patients presemeatih care professionals.

Data collected during fieldwork indicated that baitk assessments were
mischaracterizing the primary health care systetménclinic where this work was carried
out, as most of the assistance provided in theicchvas emergency care rather than
preventive action. Primary care should priorit@@ventive care and the promotion of
health.

The results of the global analysis also indicatermiandards for risk assessment
and difficulties that workers have in applying #astent protocols due to problems like
variability, pressure, work overload etc. In thdase, workarounds unsettle the risk
assessment process. We could see during obsewadtiat similar patient conditions
received completely different risk scores. Thisiessnakes workers uncomfortable, as can

be seen in the following testimonials:

«  “When a patient is assisted by the nurse that rhaéglassessment, we do not assign
a color to him”.

« “Sometimes | forget to assign a color and assesptitient anyway”.

« “Sometimes we receive a patient complaining of mEpm and we are not aware

that this is not his first visit, but rather a netwo the clinic”.

At the end of this phase, we defined the ergonareeds as follows:

“The standardization of the risk assessment prqcesiking criteria more visible,

reducing the need of memorize data already avalabbay minimize variations in activity
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and the needs of performance adjustments enablmgra reliable application of the risk

assessment and facilitating practitioners decisiaking”

5.1.8.3 Operation Modeling

In the primary health care facility in which thisudy was carried out, risk
assessment is performed by a team of two peopheir@e and orderly) in a once-a-week
three hour shift. The Assignment of risk scorepésformed according to the model
suggested by the Brazilian Ministry of Health, imieh colors are assigned to patients
according to how severe their conditions are. Timiglel is based on the Manchester Risk
Assessment Scale (MANCHESTER TRIAGE GROUP, 200%jiclv was adapted to the

Brazilian health care strategy, and can be seéigure 5-7.

Risk Assessment

Red Yellow Green Blue

Send to - Send to Nurseny
Emerngency I}”@:’.;”wﬂy Assistance or Schedule
Facility sanes Schedule

Figure 5-7: Risk assessment color scale

Task Modeling
To describe the procedures and steps workers folldule performing the risk
assessment, two teams have been observed andidaskhave been built as shown in

Figure 5-8 and Figure 5-9.
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Figure 5-8: Risk Assessment Tasks
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Figure 5-9: Variation on Risk Assessment Tasks

In Figure 5-9, we see that before waiting for hisnf the patient is previously
evaluated by the Community Health Care Agent (CHZ9metimes, after this evaluation,

the patient is assisted by the team or sent home.

Concerning the activity of assigning risk to patgetvariation also occurs. In Figure
5-10, we see a scenario in which a patient is ptedeto Team 1 with a set of symptoms

and in the end is assigned the color Red.
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Figure 5-10: Assignment of Risk by Team 1

In Figure 5-11 we see the same symptoms being &eallby Team 2 that, in this
case, attributes the color yellow to the patient.

ol

Fever 38° 4
Prostration|
Vomiting |

Evaluate

Risk YELLOW

N I |

Diarrhea

Figure 5-11: Assignment of Risk by Team 2

These cases illustrate how the process variesaoititext and scenarios, once it is
impossible to predict all possible situations.Hade scenarios, even though patients present
similar symptoms, we could observe different cotgekoreover, transferring knowledge
across contexts is cost effective, since such kedgd may refer to training, procedures
and regulations, and features of the work enviraitrflRARUSH, KRAMER et al, 2012).

In our observations we could highlight that patseint the represented cases live in
different locations, and in the case presenteddnrE 5-10 the health care facility was not
as crowded as in the case presented in Figure BAbfeover, the two cases represent
different teams, in different moments, therebyaetight situations.
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Problems List

In this section we present the list of problem®dietd and described during the past
phases of EWA. Each problem is entitled and rdl&decollected evidence. In this paper
we list in Table 5-9 three major problems rela@dhie ergonomic needs — the reduction of
unwanted variations of the risk assessment proaasing criteria visible and their
application more uniform, reducing the use of mgmand enhancing the possibility to

use other cognitive resources.

Table 5-9: Problems list

Title Description Evidence

Lack of standard procedures Although the clinic batablished a set gf Although managers state that the clinic has
protocols for risk assessment, they are hard ocedures for risk assessment (see Glgbal
follow, especially by unexperienced workefsAnalysis in section 5.1.8.2) EAMETA
These protocols are related to the clinicahdicates that procedures are not followed.

practice or to the use of the risk assessnjeRte-diagnosis also shows testimonials where
color scale. professionals state that procedures are |not
followed. Operation models show that
sometimes variation in the reception process
that affects the way risk assessments |are
performed. Moreover, we can see in activity

flows that similar situations are evaluated

differently. It could be not only 3
demonstration of the lack of standards, but
also of variability (see section 5.1.8.3, figures
Figure 5-8 to Figure 5-11).

Large usage of memory Workers must remind the pobtior capture| Testimonials collected during the analysis
patients’ conditions and, once conditions arshow that workers forget aspects of protocpls
captures, must remember the values of th&metimes (see Pre-diagnosis in section
variables related to such conditions. There [a®1.8.2). Cognitive demands evaluated wjth
no tools to store those variables and worketSAMETA also show the large usage pf
make use of paper notes, post-its and otharemory.
material to keep such information.

Attention Workers must pay attention to patientsEAMETA shows many interference and
conditions while being interrupted and copingnterruptions. Furthermore, it also shows that
with interference. As much of informationworkers state that they have high needs| of
about patient history and social conditions|igooperation with other teams. Although Wwe
tacit, workers must interrupt their workcouldn't detect significant communication
themselves to look for that information problems between teams, we could observe
that it sometimes affect the level of attentipn
workers have during their activities.
Operation models show that situation (Jee
section 5.1.8.3, figures Figure 5-8 and Figuire
5-9).

From this list of problems we could propose a $eecommendations that aimed to

mitigate their impact on work conditions, as we sethe following subsection.

Recommendations
Along with recommendations related to transformatd the physical space, new

furniture and others, the development of a decisigpport tool with the features listed in
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Table 5-10 have been submitted to the support gobtipe EWA as suggestions to mitigate
workers’ cognitive overload.

Table 5-10: List of recommendations

Recommendation Features
Development of a decision support tool . As access to information about patients’ conditiegaisnot centralized
showing information about patients and workers make decisions based on the informatiop tiodlect by their own
option selection in assign risk scores means.

. An information system could gather the necessafgrimation about
patient’s conditions, and display it properly torkers, helping them make
decisions. The following aspects must be observed:

. The decision support tool must enable the commtinitebetween risk|
assessment teams;

. It must support the registration of the variablesrkers evaluate during
diagnosis;

. The tool must represent the workflow of risk asses and its protocols;
. It must be able to retrieve information on patieistory.

. It must incorporate the criteria of assignmentisit scores

In the following subsection we explain the possiloigprovements that could be
accomplished with the implementation of an intetien project containing this
recommendation.

Outline of possible improvements

As the result of EWA, complementing the list of lplems and recommendations,
we presented a set of assumptions about achievedrle improvements to the support
group, as shown in Table 5-11:

Table 5-11: List of achievable improvements

Reduce usage of memory Variables and respectiueesashould be stored and retrieved from the systedh
workers won't have to keep them in mind.

Stabilization of the risk assessment procegs Adnfleemation system should represent the risk assest workflow it will be more|
difficult for workers to perform the risk assessineir own way.

Reduce tacit information flow Data collected durcgmmunication between teams can be registerednandoorated
to patient's history, becoming explicit information

Help using the risk assessment protocol The infaomasystem will incorporate the criteria that tbknic’s managers have
determined as a protocol for the assignment ofa@dhrs to patients. This increases the
stabilization of this process and help workers wpplich criteria, specially the
inexperienced ones.

The discussion and validation of those resultgaesented in the next subsection.
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5.1.8.4 Validation

Among all presented problems, clinic managers mat@ecognized the one entitled
“Lack of standard procedures”. They state thatdimic has made many staff meetings to
discuss procedures and rules and that many pretauel inherent to clinical practice.
However, they agreed that less experienced profesisi have more difficulties in
following protocols and that the clinic does novéaerification procedures to assess how

those protocols have been effective.

Thus, it was common sense that an information suiystem could incorporate
the risk assessment protocols. This could redbeeghp between the performance of
experienced and novice professionals. The suppstes may also improve cognitive
performance, reducing the need to memorize infaonatlready available, and managers’

worries about how the protocols have been follonedot.

Regarding how the information system could suppledision-making, the EWA
support group state that the risk assessment isngadished taking into account many
chaotic variables. Thus, we agreed that any sa@bgorithm must consider the opinions

of experts and variations in the activity itself.

Moreover, regarding the retrieval of informationoab patient's conditions,
members of the support group agreed that thereichrtacit and dispersed information, but
argued that the most important information is cdited and retrieved by the current

information system, although its displays may reshitable to the operation.

We agreed that the future information should prewaultiple visualisations of the
information in order to increase suitability, altigh the implementation of these kinds of
displays imply some cognitive costs as well (JUM\NDRY e SALVENDY, 2013),
affecting human performance especially in safeityeat systems (DING, Llget al, 2015).
Moreover, the new system interface must representanstraints of the work environment
in a way that people who use it could clearly pee¢them (BURNS e HAJDUKIEWICZ,
2004; VICENTE e RASMUSSEN, 1989; RASMUSSEN, 1986).
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5.1.9 Discussion

There were three core findings from this study.rstiFithat context can have a
significant effect on decision-making. Second,hhigformation requirements can add
significantly to demands. Finally, we found the EW/as a useful approach to identify
these problems and to generate ideas to help gedegure support tools.

Context effects decisions: In our case study, wddchighlight the importance of
the context in the way health care workers makésaets. For example, how crowded the
facility is influences the perception the healtiheceeam has about patient’s conditions and,
subsequently, in the risk score the patient willassigned. Furthermore, integration of
health care service systems depends on the quéldgordination processes and efficient
communication among workers, as well as commumnatietween workers and patients
(NYSSEN, 2011).

High information access requirements add demandsul® also demonstrate that
the retrieving of information about patients isthdemanding to workers. There is a large
amount of documents to be retrieved on each pateeeption, and workers must deal with
lots of information on a computer screen and pagenyvell as seek for information from
other teams, most of the times transmitted verbdke combination of environmental and
contextual settings, information retrieving, andigra examination is a large set of issues
that workers must be aware in order to assessnpsitiesks. This entails the increase of the

probability of inadequate assessments, waste ofiress, and harmful situations.

EWA was an effective method to identify redesigmgs To support the design of
new support tools, the EWA approach highlights {soiof tension in work performance,
i.e., elements in work situations that cause harmliscomfort for workers. This element is
important in the extent that it helps delimitingetboundaries of the intervention, that is,

which parts of the work situation should actuakyttansformed or supported.

Moreover, as the EWA approach can be combined witter work analysis
frameworks and processes, as it provides importeaimes to initial design phases. The
results of the EWA, rather than simply providingish of factors that should be considered

in the design, provided descriptions of interactibletween the elements of the system as a
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whole, which enables a human-driven approach tagdeSystemic approaches like EWA
facilitate understanding the domain and identifaatof the problems considering diverse
points of view. The capability of comprehending lgemns assumes sensitivity to
particularities of the context and readiness touaegknowledge from domain experts
(NORROS, 2014).

A concern presented by the support group duringda@bn sessions is that no
matter how sophisticated the technological suppary be, the final decision must be made
by the health care professional. This could detloé¢ health care professionals distrust
technological support to automatize or as substibfithumans in their activities. However,
the technological support can be used in way tolitthe work augmenting action
possibilities and inserted in the work environmasihaturally as possible.

Although there has been some effort by softwareegggn involving users in the
development of health care information technoladyys has not been enough to ensure
proper understanding of the users’ needs and mailyrd cases remain. Thus, the
participation of ergonomics and human factors sests can be useful to reduce the
distance between users’ expression of their needs the proper formalization of
requirements for design purposes (NIESA e PELAY@L®.

Furthermore, the way professionals interact with tiew system must not be too
different than the way they interact with other 800 We suggest that an ecological
approach should be adopted in the design of tlefade of the decision support tool, as
the organization and presentation of informatioa essential in designing displays for
safety-critical system.

Although during validation sessions professionads lagreed that workers could
take advantage of multiple visualizations providéiffjerent perspectives on the data, there
are also some costs associated to this kind oflajisp It involves design costs (i.e.
additional computation time to render views), sgdasind temporal harms of presenting

multiple views, and cognitive costs like learninge.
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5.1.10 Conclusions

Health care workers’ rules, mental models and d@isdirdcal information are much
more complex than meets the eye. Although somditiepeof tasks can be noticed, there
is enormous variability, as occurrences always Ithiferent characteristics. These factors
demonstrate the great cognitive effort of healtine cavorkers while performing their

activities and how critical the decisions madeunlsenvironments are.

The application of EWA during field work in a primyahealth care facility in Rio
de Janeiro, Brazil, let us highlight a set of pemb$ in the risk assessment process, a
decision making process in the family health cdratesgy which imposes high cognitive
effort to workers due to its complexity and critiba

Moreover, the major recommendation to improve waikuations was the
development of a decision support tools. We muogthesize that the computerization of
work processes without considering workers' curiafgrmation requirements produces
gaps between workers and their devices. When dewgjosupport tools, information
technology professionals must be aware of the bl@saand constraints involved in such
complex work in order to design and implement tab& reduce cognitive effort instead of
increasing it (JATOBA, CARVALHO e CUNHA, 2012).

EWA results pointed out that risk assessment werkere to remember a large set
of variables, protocols and tacit information, asdch situation must be mitigated.
However, more specific cognitive engineering teghes may be applied to deepen the
analysis and result in more detailed work desaisj as decision making in such settings
is difficult.

Therefore, we suggest that future work could brittgeegap between EWA and the
design of support tools both in the human factard aoftware engineering area, or
bringing together elements of both areas to rdsulhformation systems that meets the
needs of workers in complex systems like healtb.car
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5.2 Article 2: Contributions from Cognitive Engineering to Requirements

Specifications: a case study in the context of hehlcare

521 Foreword

This chapter aims at presenting a case study orugkeof human factors and
ergonomics to enhance requirements specificationscdmplex sociotechnical systems
support tools through the increase of the undedstgnof human performance within the
business domain and the indication of high-valugiirements candidates to information

technology support.

This work uses methods based on cognitive engimgéoi build representations of
the business domain, highlighting workers’ needs$ eantributing to the improvement of

software requirements specifications, employedhénttealth care domain.

As the human factors discipline fits between hums@ances and technology design,
we believe that its concepts can be combined vattware engineering in order to improve

understanding of how people work, enabling thegiesf better information technology.

This chapter resulted in one scientific articlethathe following citation info:

Jatoba, A., da Cunha, A.M., Burns, C.M., Vidal, M.@e Carvalho, P.V.R. (in
press). The role of human factors in requirementineering in health care: A case
study in the Brazilian health care systétuman Factors and Ergonomics in Health
Care, vol 4, no. 1, 6-140i:10.1177/232785791504100.

5.2.2 Introduction

Failures in software development projects are WUguaklated to the
misunderstanding of client needs and desires, appropriate knowledge about the
domain. Although requirements documents, architectnodels, and design descriptions
are effective deliverables in most software engingeprocesses, ensuring IT projects meet
their technical requirements still remains diffityDERAKHSHANMANESH, FOX e
EBERT, 2013).
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If we consider the context of health care, effectevaluations of health care
information systems are necessary in order to enthat systems adequately meet the
requirements and information processing needs efsuand health care organizations
(KUSHNIRUK e PATEL, 2004).

To improve requirements specifications in situatianith high cognitive workload,
we believe that software engineering can benefitiding concepts of human factors and
ergonomics, which fits between human sciences a@uwthnblogy design and brings
techniques to improve the understanding of how [gewprk, by providing services and
tools that can be used to conceive better IT.

Human factors and ergonomics are recognized ass@pline that enables the
redesign health care systems in order to accompetter quality of care. Thus, our
research presents a case study on the applicatibmman factors concepts to enhance
software requirements specifications, making cbatrons to the design of IT.

5.2.3 Research Problem and Objective

According to the 2012 Standish Group’€HAOS Report (THE STANDISH
GROUP, 2013), there has been an increase in seftierelopment project success rates in
comparison to the previous two years, but the failiates of projects (that is, projects
cancelled prior to completion or delivered and mey&ed) and the number of challenged
projects (projects that are late, over budget,aotain less than the required features and

functions) are still very high.

As can be seen in Figure Figure 5-12, failure rate2012 were at 18% while
challenged rates reached 43%. Notably, there has aeslight increase in both cost and
time overruns. Cost overruns increased from 56204 to 59% in 2012, as can be seen in
Figure 5-13.

1 The Standish Group is a privately held company évaluates risks, value and
failure rates in IT projects performance. It isp@ssible for the CHAOS Report, a biannual

evaluation of software development projects.
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Figure 5-12: Software development projects resolutin according to the 2012 CHAOS Report

The development of features (i.e., sets of relageglirements, domain properties,
and specifications that allow users to satisfy siress objective or need (ROBERTSON e
ROBERTSON, 2006; CLASSEN, HEYMANS e SCHOBBENS, 20)08ent down, with
69% of specified requirements completed, in comparit® 74% in 2010. This suggests
that organizations are focusing on high-value negoents rather than completing 100% of
the requirements. Similarly, when looking at softsv@roducts’ features (as opposed to
requirements), we can see in the CHAOS Reportitlsaems that 20% of features are used

often, while 50% of features are hardly or nevesdus
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Figure 5-13: 2012 CHAOS Report Overruns and Feature
These numbers support the idea that effective reaugints engineering remains the
most difficult task in developing software. Focusimg the 20% of features that provide
80% of the value of the software could maximizeestment in software development and
increase user satisfaction (THE STANDISH GROUP,30The main question, then, is
how do we determine which requirements or functitiea provide the most value? This

situation leads us to the following research pnable
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* How to find high-value requirements and improve lfyaf information
about work performance in order to enhance softwargquirements
specifications, making them more reliable, redudiaigure in IT projects,
and enabling the design of more suitable softwargupport people’s work

in complex systems like health care.

The premise of sociotechnical thinking is that egst design should be a process
that considers social and technical factors th#ttence the functionality and usage of
computational systems. The misuse of human fa@nds sociotechnical approaches can
increase the risk that systems will not reach theipected objectives (BAXTER e
SOMMERVILLE, 2011; LAUGHERY JR. e LAUGHERY SR., 198

The volatility and unpredictability of the operatl environment; the
heterogeneity, autonomy, and uncontrollability drtigipating actors; and the social
dependencies that emerge between participatingsaate important factors that must be
considered in design (DALPIAZ, GIORGINI e MYLOPOUISD 2011; KARWOWSKI,
2012).

Due to these characteristics we cannot expect st@m$j complete, understandable,
verifiable, traceable, and modifiable requiremenis. other words, the idea that
requirements can be characterized by traditionaibates is no longer valid (KATINA,
KEATING e JARADAT, 2014). Thus, in order to addrdbss problem, the objective of

this paper is stated as follows:

* Present a case study in the context of health ttademonstrate how the
human factors discipline can contribute to the giesif more suitable IT for

complex systems by enhancing software requirensgasifications.

We believe that the case study presented in tiperpeontributes with the design of

computer-enabled work support for complex systesris meets the following challenges:

* Increased understanding of the problem: the apprgaesented delimits
scope and boundaries of the system and describ@iésdebout the problem

domain;
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» Determination of high-value requirements: focusimgthe definition of key
processes and high cognitive workload activitie® propose ways of
indicating major candidates for technological suppand techniques to
determine proper requirements specifications byntifiégng human
performance concerns and using them as drivershef requirements
elicitation process;

* Increased reliability of requirements specificaipthrough work analysis,
the approach proposed in this paper helps avoild &dcuser input, a
common issue on challenged projects (THE STANDISRQEP, 2013),
and unspoken or assumed requirements. It recogmpelsers as domain
experts, increasing user confidence that the syatidirmeet their needs;

» Structured representation of information: the &biid represent information
in a structured form is often seen as a prereguifsit processing it in
software (WEBER-JAHNKE, PRICE e WILLIAMS, 2013). loomplex
sociotechnical systems the information is disteéloduamong many spaces
and agents, making modeling difficult. The approaah propose in this
article embeds tools to build descriptive modeldhoiv the sociotechnical

system actually behaves.

Concepts and methods are needed that are capatdekting the functions of a
complex system in detail. From this perspective tdehnological and human elements
become automatically inseparable, and technologuldibe seen as a tool that people take
advantage of in their various activities (NORROS814). If we want to support complex
work, real world knowledge of the complex work wbreeds to be obtained to efficiently
design appropriate information systems, as org#oir require knowledge to be easily
accessed and shared in order to cope with workctefedy (GREENSPAN,
MYLOPOULOS e BORGIDA, 1982; WANG e CHEUNG, 2015; COMBO,
KHENDEK e LAVAZZA, 2012).

5.2.4 Research Questions
Sociotechnical systems are a complex interplay wihdns, organizations, and
technical systems that must satisfy the requiresneftmultiple stakeholders. Complex
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entities adapt in a changing environment as itpgnges also work as single entities. These
emergent properties make the entity as a whole tharethe sum of its parts. Moreover, in
order to provide work support, one must first ustiend the nature of the system that will
be supported, since the way we see the systemedefihat it counts to support it
(CHECKLAND, 1999).

Thus, the design for complex systems like healthe camust emphasize the
interactions between the systems properties, dvaugh the satisfaction of requirements
depends not only on the independent performantleoindividual subsystems but also on
the success of the interaction among all subsyst&imwirtually impossible to reduce the
system’s parameters and features without losingagltunctional properties (AYDEMIR,
GIORGINI e MYLOPOULOS, 2014; PAVARD e DUGDALE, 20p6

Therefore, the research topic of this paper addsesghat concepts, tools and
techniques the human factors discipline providedrfdicating high cognitive-demanding
work situations, building representations of humank, and increase knowledge about the
domain in complex sociotechnical systems. By aduingsthis topic, we believe we will be

able to answer the following research questions.

* How the design of computer support for complex wsitkiations can be
more effective and result in more adherent, robast resilient software
solutions?

 How can software engineers enhance their requirtamgpecifications in

order to design better IT for complex systems?

Although improving the physical design of a medickvice or the cognitive
interface of health IT is important, without undargling the organizational context in
which technology is used, workers may develop warkads, making the tools unsafe,

ineffective, and not useful.

5.25 Material and Methods
In this paper we suggest an approach to handlahiity and cope with emerging
factors in work performance in complex situatiom$tild more accurate representations of

the resulting system behavior. The approach wegs®pn this paper helps transform
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informal knowledge into formal representations Ime tearly stages of requirements
engineering, increasing the completeness of spatibns. The approach is divided into

three phases, which can be split into steps, asrshoFigure 5-14.

Data Collection

v .

[ 1dentification of

‘ Critical
Situations

Activity
Analysis

Description
/ v

h Cognitive
Work ‘ Modeling
Processes
| Modeling | . _/
\ J

v

> >
Contextualization . Analysis and Modeling Phase . Identification of Needs .

Phases

Figure 5-14: The proposed method's structure

Usually, people involved in the beginning of thguigements engineering process
have many roles, experiences, and expectations, Bach person has a personal view of
how the software should perform. Many informal es@ntations are used in the initial
stages of requirements engineering in order to esgthe variety of views about the

system.

Though informal representations have some advasitigey are usually based on
natural language, they are well known because dneyised in daily life, etc.), they can be
dangerous, as they sometimes generate discrepamcisecifications and present opaque
views of how the software should work, especiaitycomplex sociotechnical systems,
which rate highly on uncertainty, variability, aade hard to describe completely (POHL,
2013).

It is also important to consider that some profassis are not necessarily advanced
computer users, especially in complex sociotechsigstems like health care. As a result,
the development project has to consider expertnamcte users, and must seek to reconcile
their points of view. Requirements analysis in camtional development practices usually
assumes a use case-based approach, which tendsu® dn user interaction with the
software without analyzing the details of user w¢8JTCLIFFE, THEW e JARVIS,
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2011). This can make the conciliation of multiplekeholders’ points of view difficult and

result in incomplete requirements specifications.

The problematic nature of changing requirementsansther issue potentially
increased by aspects of complex sociotechnicaésystin complex environments, in order
to make the IT system satisfy its goals, and terdehe what could be expected during the
software’s lifetime, designers must be able tocimgite emergent behaviors of the system
and its components (JARKE, LOUCOPOULQ@S%Al, 2011).

The phases of the approach must be performedivielsati.e., it is not necessary to
complete a step for the next one to begin). Thebmunof iterations at each stage is not

determined, and, in this paper, we show the resiilise completion of each phase.

5.2.5.1 Contextualization Phase

The objective of this phase is to gather initiabledge about the organization.
This knowledge should describe the work environmant make aspects of that
environment, such as its influence on people’s wooknprehensible, as well as define key

work processes.

The concept of key business process in an orgamizas the complete set of
activities that are executed to receive the custoonéer, build the product or service,
deliver the product or service, and receive tharmay that corresponds to the product or
service (CUNHA e COSTA, 2004).

The contextualization phase comprises a single sedfeddomain descriptionin
which the expected result is the identificationessential characteristics of work, such as
services provided, customer profiles, and a listhgperators, and the organization of that

work, including leading labor relations and teamicures.

In order to perform this phase, analysts shouldhtdate a plan to gather general
domain information using contextual inquiries iner to find out interpersonal dimensions
in cross-functional teams (BEYER e HOLTZBLATT, 1998 his phase is focused on

making explicit things that designers usually dglicitly, like gathering informal data
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about how workers perform their tasks or talkingptofessionals while they work to gain

visual information about their performance.

The first thing to do is to set the scope of thalgsis. IT projects tend to be
business-driven (i.e., focused on the needs otlieat, or what the client believes their
needs are), and usually center on immediate prahlsoch as client feelings (BEYER e
HOLTZBLATT, 1998). Thus, this step should includenducting interviews and collecting
artifacts, such as the documents, regulations,taold people use while performing their

work.

The results of this phase can be materializeddidggrams, maps, plans of physical

space, field notes, etc.

5.2.5.2 Analysis and Modeling Phase

Modeling is important to improve certain propertedghe product, such as quality
or maintainability, or of the processes, such at-efficiency and predictability (FRANCE,
RUMPE e SCHINDLER, 2013).

The goal of this phase is to describe and theresgmt work in the organization.
This will be achieved by collecting and analyzirgtadin the field and building process
models to represent the basic structures of peoplerk. This is the beginning of the
design stage and during this phase, the analysilgtsghift focus from the system to

understanding how the work is really performed.

There has been significant effort in simplifyingetlconstructions of models or
eliminating the need for learning a modeling largruaHowever, this comes at the cost of
limiting the task displays and controls that cannbedeled to a limited set of tasks and
processes, which lack the capabilities requiredniodeling complex cognitive tasks such
as learning, decision making, and sentence compsére and the confusion generated by

discrepancies between human performance and mests|(CAO e LIU, 2012).

As the key processes and their objectives have beovered in the domain
description, what professionals do to achieve thagectives is described as their work.

Steps and the expected results of this phase aceiloled in the next subsections.
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Data Collection Step

Data collection is expected to result in a setiefdlfnotes containing details about
the organization and its work strategies. Dataectilbn is achieved by interacting with, and
observing the behavior of, workers through conwesainterviews, and the collection of

artifacts used in performing their tasks.

Its major input is the domain description, useddentify the operator roles that
should be observed. In addition to the professoimalolved, clients can also be observed

in order to deepen knowledge about them and prpperhtify user demands.

Activity Analysis Step

The activity theory and concepts (ENGESTROM, 20883 inspired this step.
Activity analysis aims to find the constraints aswhtradictions, which emerge as a result
of tensions within or between the elements (objades, subjects, tools) of an activity
system. Therefore, this step should provide elesnattout how workers think while
performing tasks. Thus, its results should be irtgydrin describing the execution flow, the
skills and competencies employees should possedstha tools employees must use to
accomplish their tasks.

In the health care domain such contradictions reaniin the form of deviations
from standard scripts, thereby threatening its e and, sometimes, making task
performance inadequate. According to Engestrorhpaih activity systems are driven by
a deeply communal motive, they are inherently @hotory. However, in order to achieve
the goals/objectives of the activity people mustfivays to resolve contradictions using

the available resources, which in many cases drdasigned accordingly.

Activity analysis step was based on direct obsemadf work activities and on
Cognitive Task Analysis (CTA) technigues used fapwkledge elicitation of workers. It
aims at helping analysts to express and represemtlkdge in a way that others can
understand, and such representations will be discuand validated during the next steps
(CRANDALL, KLEIN e HOFFMAN, 2006).

The results of this phase are presented by conueps as seen in Figure 5-15.

Concept mapping is a procedure for knowledge etioh that can be conducted with
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individual workers or with small groups of domairagtitioners (CRANDALL, KLEIN e
HOFFMAN, 2006).

Patient's refered conditions

CHA's opinion

Patient's clinical conditions

Patient's complaints \
/ Symptoms

Height .
Weight ) signs Arterial pressure

Figure 5-15: An example concept map

This step provides a visual interpretation of waoskenental states, their “states of
knowledge”, as they work. This information will i@portant in the cognitive modeling
step. Once these results have been produced arelveely the modeling step can be

performed, as will be demonstrated in the next sctiosn.

Work Processes Modeling Step

A process is a set of structured activities andsuesments that should result in a
specific product for a particular customer or mark&escribing work processes requires
emphasis on how work is done within the organimtinstead of focusing on determining
what the organization produces (DAVENPORT, 1994jisTefinition can be viewed as an
operational one, although it serves as a basisvlokflow-based approaches (BIDER e
PERJONS, 2014).

In this step, we try to describe a process by dejiits boundaries. The initiation
boundary of this particular process is charactdrizg an activation message sent by an
external entity called a starter. This messagel@ath the work process with the necessary
inputs for its effective start. The completion bdary of the process is characterized by the
transmission of closing messages. These messapadethe customer with the results of
the work process (CUNHA e COSTA, 2004).

A process is described when its boundaries arg fddéintified (i.e., when all types

of customers, all types of starters, all typesragers, all types of inputs, all types of
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closures, and all types of results have been détedh If any of these elements has not
been identified, the work process is not corresdiy

Consisting of logically linked activities, processodels built in this step should
demonstrate the results of each process the oajamizperforms. Therefore, each process
activity must have its inputs and outputs propédigntified. If an activity does not have
these elements properly identified, it is not abigaactivity; thus, it is a candidate for
elimination and may be disregarded (CUNHA e COSZ®#Q4).

The notation we adopted to build the diagramsnslar to the one established by
the Object Management Group (OMG) with the Businesscess Model and Notation
(BPMN).

The primary goal of BPMN is to provide an underdtaie notation for creating
models that can be read by business analysts vaabecthe initial drafts of the processes,
developers who are responsible for implementing tdehnology that will perform the
processes, and business people who manage andomtet processes. Thus, BPMN
creates a standardized bridge for the gap betwesmdss process design and process
implementation (OBJECT MANAGEMENT GROUP, 2011; LGREAMPOS,
MARQUEZ e FERNANDEZ, 2013). Basic elements of BPM#&h be seen in Figure 5-16.

Act ivity
Start event End event

\Q H " O
/ ‘ J .....

Input

Patient records  Patient record Output
nnnnnnnnnn updated)

Figure 5-16: The basic elements of Business Procédanagement Notation

In order to support workers by providing them wakill-enhancing computerised
tools, the work process must be seen as the primi@ment and users must be made
partners in the development of systems. Thus, @serenabled to help discover knowledge
gaps and make suggestions on how their work cowdinbproved. This involves
commitment and mutual dialogue between users asigriEr's to acknowledge each other’s
competencies and inadequacies (MARTI e BANNON, 2009
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5.2.5.3 Identification of Needs Phase

As the goal of this phase is to provide recommeadstof technological support
for specific activities or sub-processes within trganization, ergonomic approaches are
useful in that the design of work systems necdgsarake some assumptions about the
nature of individuals, since the human work is ftet replaced (HOLLNAGEL, 1997,
MAYER, ODENTHAL, et al, 2014).

Building on the process models created in the amalgnd modeling phase, the
identification of needs phase must report a setak situations that could be enhanced
through the use of information systems. After theseations have been identified, they

should receive further cognitive modeling.

Identification of Critical Situations

Critical situations are those related to cognitareenvironmental constraints on
work performance. Cognitive constraints are workndeds that originate with the human
cognitive system, like workers’ subjective preferes, mental models, or experiences.
Environmental constraints are work demands thairmate from the context in which work
is located, such as the social or cultural realftthe workplace, which does not depend on
what workers might think about it (VICENTE, 1999).

The expected result of this step is to highlighted of activities - or groups of
activities - in the work process models that shduddassisted by IT. These activities are

calledcandidates

Vicente’s CWA framework does something similar wheindicates the antrol
tasksto be modeled. Although the analysis of these robriaisks is unable to identify
specifically which technological support the workogess needs, it allows analysts to
identify high-value requirements and constrainsoamted with the work to be performed.

In this paper we suggest the following criterichmose candidates:

e Complaints: situations in which workers’ complaintge many and
compelling;
» Consequences: situations in which the events exedter consequence on

professionals;
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» Centrality: situations that depend on many others;
* Modernity: situations that require urgent modertizg
» Stability: situations that are variable or epherhesad remained so

throughout the study.

Cognitive Modeling
Cognitive modeling is an approach to cognitive sceéethat emphasizes building
representations of cognitive theory applied to humark. Cognitive models represent

human capabilities and limitations and their inflae on task performance.

A general premise of cognitive models and a cogmitipproach for man-machine
interaction is that the human being can be seerarasnformation processor or an
input/output system. As with software models, ctgei models are simplified

representations built to predict and understandracollar phenomenon.

The models produced as a result of this step shoepdesent structural and
functional conditions that retrieve the informatiaeed throughout the human cognitive
process. For example, the amounts of informatiorkers receive and use to perform their
tasks, or situations that should be perceived abaltertain mental or cognitive action can

be performed.

To achieve this level of representation, we adopimols and methodologies
recommended by Vicente (VICENTE, 1999) in the Cainfrask Analysis phase of his
CWA framework: the Decision Ladder (DL) (RASMUSSEN76; RASMUSSEN, 1986),
which describes what tasks must be done to achievénal purposes of the work domain.
DLs are comprised of information-processing adgeit and states of knowledge.
Information-processing activities are the cognitaivities that workers should perform to
complete a task; states of knowledge are the owgsooh these activities (VICENTE e
RASMUSSEN, 1989).

In the DL notation, information-processing actiggiare represented as boxes and
states of knowledge are represented as circleectinal arrows are used to represent

relations between elements in the model. Thesaiogrtacan beshunts which connect
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information-processing activities to states of kiemlge in non-sequential order, leaps
which represent links between two states of knogaed

The elements of the model are disposed in altergpatirder according to the
progression of the task. The basic structure obthés shown in Figure 5-17.

Evaluation of
performance criteria

EVALUATE

Consequences for
current task, safety
efficiency, etc

INTERPRET

Select appropriate .
Causal Reasoning Present state change of system’s Causal Reasoning
of the system conditions.

%4.
(3
2
3,
2

FORMULATE
and data PROCEDURES

PROCE
DURE

EXECUTE Coordinate

manipulations

Plan sequence
of actions

%
% 'e
%%
%%
%5,
> %,
PR
5%
%%
S
Detection of
need for action

ACTIVATION

Figure 5-17: Basic structure of Rasmussen’s Decisid.adder
The DL is flexible enough to describe how profesais behave, allowing analysts
to identify shortcuts that can induce more skilfeaformance. It should be noted, though,

that DL is not itself a model, but a template ttegdresents the basic structure of the model
(VICENTE, 1999) — like a meta-model.

5.2.6 Results

In this paper we present a case study in the comkealth care. Health care
information systems design that does not addregsitdee, cooperative, and organizational

aspects can introduce new forms of complexity. Phidblem space provides a good testing
ground for our ideas as it involves the following:

Uncertainty: providing care does not relate only performing routine
procedures as unpredictable scenarios happen frdguas a result of this
uncertainty, workflows are dependent on the corwéithie problem at hand.
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* Variability: many symptoms are qualitatively asses®r rely on patient
reports, which can be highly variable. More quatitte measures, such as
imaging and diagnostic tests, can often be intéedran different ways.

» Interdependency: in the health care system, pdople patients, physicians,
nurses, and others) and technology (e.g. labs,sidecisupport, and

electronic records) cooperate and exhibit emerigehaviour.

Information and information exchange are crucialthe delivery of care on all
levels of the health care delivery system—the patithe care team, the health care
organization, and the encompassing political armhemic environments. However, most
health care technology investments have concedtatethe administrative side, rather
than on clinical care, resulting in little progréssiard meeting the actual needs of patients,
providers, medical facilities, and addressing tlegutatory, financial, and research
environments in which they operate (REID, COMPTQa,al, 2005). Fieldwork was
carried out in a primary health care facility inoRile Janeiro, Brazil, for 142 hours, as
shown in Table 5-12.

Table 5-12: Research effort

Sessions| Time Total

% Administration professionals | 4 1h 4h
2
g Health care professionals 12 30min| 6h
General 10 2h 20 h
CHAs 18 4r 60 +
é Nurses & orderlies 5 4h 20 h
% Dentists & Assistants 1 2h 2h
é Home visits 4 4h 16 h
Validation 6 30min| 3h
Deepening 3 3h 9h
Total 142 +

The field research has been carried out in accomlamith the ethics precepts
established in resolution n°® 466/2012 of the BiazilNational Health Council/Brazilian

Ministry of Health on research related to humamgej and has been approved by the
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ethics committee of the Sergio Arouca National Stled Public Health/FIOCRUZ, Rio de
Janeiro, Brazil.

Interviews have been carried out with the followprgfessionals:

* Administration professionals: general manager, sémsce manager,
continuing education manager, and administratidicef

» Health care professionals: two physicians, threses) 10 CHAs, and two
orderlies

» Health care professionals have been interviewett batividually and in

groups, in a non-structured manner, for no longant30 minutes each.

General observation is related to time spent inclivec’s lobby, where we could
observe the way professionals relate to patiersisiénthe facility. In these observations we

could also describe aspects of the physical sgaggpment, territory, etc.

No physicians could be observed during appointmehis to medical ethics
regulations. However, doctors could be observeihdunedical visits, along with the rest
of the health care team.

5.2.6.1 Contextualization Phase

The execution of this phase resulted in detailsiatiee operation of the facility, the
scope of the health care and work organizationywel as a brief description of the
information systems that workers regularly use. Tt¢mntextual inquiries and the
discussions in the interview sessions were baseduate questions, and presented the
results shown in Table 5-13. The answers giventesgmonials from workers. For this
phase, four professionals were interviewed: theegdrmanager, the assistance manager,
the continuing education manager, and the admatistr officer.

Table 5-13: Results of the Contextualization phase

Guide Question Answer Additional material

What is the geographical area served by the fgeilit| “We cover the district of [RESERVED], Maps
divided in four areas, each one with
approximately 4,000 people”

“There are plans of expanding the coverage
to three or four extra areas”

“I don’t know for sure the dimensions of the
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covered area in this district, but the clin
has 5,000 @’

ic

What are the services offered by the health ¢
facility?

aféeneral medical appointments (Pediat
Obstetric, Dermatologic, etc.);

Dentist;

Clinical exams;
Medicine supply;
Vaccines;

Monitoring of chronic patients

icinternal  policies, Regulatior

documents

How many people are living in the serviced area?

“Approximately 22,000 people”

“We perform almost 40,000 medical visi
and 11,000 medical appointments per yea

Field notes

%]

”

How are teams organized?

“We have five teams, each one providi

people”

“Each team has: an M.D; a Nurse; tv
Orderlies; a Dentist; a Dentist assistant
Community Health care Agents”

ndViaps of each area;
care to one area with approximately 5,000

o

Regulations regarding Famil
Health care teams

0

6

How does the facility building reflect th

organization of work??

e

“The building has the following rooms:
Lobby;

11 medical offices

Three dentist offices;

One pharmacy;

One vaccination room

One procedures room

One room for the collection of exan
material;

One meeting room;
One management office;

One health care agents’ offic

Clinic’s floor plan

What information technology is currently used ie ]
facility?

h“We use two software. One is old and
be discontinued soon. The other one is b
tested”

“The new software has all
records.”

patient|

illObservation of software durin
ingse

How is this information technology used by worker|

5?We use the old software to confir
patients’ data during registration, but on

have to use it anymore.”

the software to obtain medical records. Or
an appointment or a medical visit or a
other procedure is performed, the softwg
must be updated.”

“The software doesn't really support o
procedures, but should provide informati
to help us.”

“We use the software to gather informati
about the number of receptions perform:
This information will be passed to th
Ministry of Health and it's related to oy

these data are in the new software, we don’t

“To each patient’s reception, we have to Us

n Observation of software durin
caise;

Regulations regarding Famil
Health care funding;

e . ) .
cRegulations regarding Famil
1))-lealth care work processes

re

0

funding.”
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The most important clue provided by the resultthef phase reveals the purpose of
family health care: to provide preventive healtliecaervices to families in delimited
territories. According to its regulations, the @igets funding from the Ministry of Health
to operate in a determined geographic area. Itsatipa is based on a set of health care
actions (in peoples’ homes or in the clinic), whweé calledreception

This process could be seen in two levels. The, fnstl highest, level addresses how
the clinic becomes operational (i.e., the governnustides that a specific area needs
family health care for reasons included in primaealth care policies). At this level, we
can consider the starter of the reception proces® tthe government when it deploys the
family health care strategy.

The second level addresses the assistance of tgasitar family health care has
been deployed and the clinic is operational. Ad tavel, the starter of the reception process
is normally an event: the needs of a particulariffgrthe schedule of a FHS team, a patient
attending the clinic spontaneously, etc. Figure85ilustrates the reception process, its
starter, and the expected result. According taddta we collected, the reception process is

the only key process in this phase. No other keggss was discovered.

PATIENT
ASSISTED

PEOPLE SEEKING CARE
The needs of a family;
The schedule of the team;
Spontaneous visit etc

Figure 5-18: Definition of the Key process and itboundaries

5.2.6.2 Analysis and Modeling Phase

The following subsection shows how the analysis amatleling phase has been
performed and what results have been obtained nAsame key process has been defined,
reception will be analyzed and modeled. While penfag this phase, we must keep in

mind that the reception process begins with an teeed ends with the patient being
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assisted. The contextualization phase has prowdgd level aspects of these boundaries,

which will be deepened in this phase.

Data Collection Step

The entire observation has been conducted in apadicipatory way, without
interfering in work performance. In the time betweebservations, workers have been
interviewed in order to answer questions and eistalilirther details about how activities

were performed.

Aspects of the patient/clinic relationship have rbdgghlighted, such as how
patients arrive and enter the facility, how theylezth passwords for assistance, how they
are accommodated in the clinic lobby, and the plag they follow from the entrance of

the facility to the attendance room.

Thus, the work process and all its activities hbgen described, as well as inputs
and outputs of each activity in the process, armd atiifacts used for the process in its

entirety.

The storage media of the artifacts workers use lh@en described and classified
according to volatility, that is, the durability dfe information container. For example, it
has been registered whether the artifacts remairedstas historical data or if they are
destroyed after use. Table 5-14 shows data on Conyntiealthcare Agents (CHA)

collected in the first observation iteration.

Table 5-14: Data collected in the first observatiomf the Community Health care Agent

Actor Activities Artifacts

CHA1 Get patient records: go to the archives aatl matient’s profiles and medical records |(iPatient records (SGBD)[Persisted]

happens once a da
PP ) Reminders (Paper)[Destroyed]

Call for patient: according to the passwords shawthe panel, patients are called

Register reception: received patients have th&ndance registered in the Reception recofds

Schedule visit

Reception records (Paper) [Stored|

Exam application (Paper) [Stored]

CHA 2 Get patient records: go to the archives agtdpgtients profiles and medical records. He pickatient records (SGBD)[Persisted]

the records up when each patient comes to his baotthis step, the CHA verifies if the )
patient is registered or not. Reminders (Paper)[Destroyed]

Call for patient: according to the passwords showthe panel, patients are called

Schedule visit

Update patient records
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In this step we did not describe relations betwaetivities and specific artifacts or
the flow of activities, we described the roles gldyy each actor and highlighted elements

that will be detailed in the next steps.

Activity Analysis Step
To execute this step, some rules have been followed

Preparation for Analysis

Data collected during observation had its accurasg completeness evaluated.

Field notes and cognitive artifacts were reviewed.

This comparison indicates to analysts the possiloli missing elements and refers
to the need for new sessions of fieldwork, as, ugho comparison, it is possible to
determine whether all operators involved in thavdas were identified and their roles

sufficiently described.
Structuring Data

The data contained in the notes field was sortéd 8ix categories: role and
activity; standards; use of prior knowledge; useegperience or intuition; use of the

runway; problem.
Elicitation and Representation of Knowledge

This phase of the activity analysis step can bensamnzed as a second level of
analysis, in which a way to represent elicited kisalge about the structure of the collected

data is defined. Figure 5-19 shows a concept mépiihis step.
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Home visiting

Area color

Reception

Social assessment records

Risk assessment

Reception records

Patient Records
Spontaneous attendance

Color scale

Medical records/ S \ \-\
Risk assessment history . oo e mereRED) \ Red : Imediate assistance (ER)
/ Green: Nursing assistance (or re-schedule)

Patient's visual conditions \
CHA's information Blue: No need of assistance (obey schedule) ™ ———_ X

Patient routing

Yellow: Priority assistance (moderate risk) \/

Patient's clinical conditions (PERCEIVED)

/__/

Patient's complaints
Symptoms

Height

Weight o) signs Arterial pressure

Figure 5-19: Concept map representing elicited knoledge about the Reception key process

Using the knowledge that has been obtained, ibssiple to characterize a set of

states of knowledge that will be transposed to tgnmodels.

Work Processes Modeling Step

As was described in the contextualization phase ctimic has five teams. All five
teams were analyzed, resulting in five process msod@nce each model was validated,
their activities and respective boundaries were pamed with one another. These five
models have been merged, resulting in tyelsesis modelwhich can be seen in Figure
5-20.
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Figure 5-20: Synthesis Model of "Reception”, the kg process
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Data collected in previous phases provided the emsnfor the construction of
business models. For example, the activity “Gebmds’ appears in the synthesis model.
This activity, and its boundaries (i.e., the CHAtagmain actor, the action of obtaining and
updating the “patient record” artefact, and theislen that follows), can also be seen in the

collected data.

5.2.6.3 ldentification of Needs Phase
To determine which activities deserve the suppbmformation systems and high-
value requirements, a set of candidates for IT stgmve been identified, as shown in the

following subsections.

Identification of Critical Situations
Using the criteria mentioned in subsection 5.2.818, following results have been

obtained:

Complaint: The clinic manager pointed out a setacfivities that have higher
demands on workers. Practitioners also indicatechthtivities that demand complex mental
reasoning and the ones that require more elabonadels or use a larger amount of
artifacts.

Consequence: During the observation a set of psca@etsvities that took more time
to be executed and thus had more impact on theepspcausing it to end unexpectedly or
causing inadequate variations was identified. Arialy these activities, we determined a
set of artifacts that, because of the complexityoived in either producing or obtaining

them, makes work heavier.

Centrality: Observing the health care professignaéscould highlight activities, or
sets of activities, that play a central role in grecess. These activities are significant in
decision making, especially about assisting orassisting patients, and result in different

terminal points for the key process.

Stability: During observation we could see thasate point in the process, two
groups of activities were being performed in manifetent ways. These variations

depended on who was performing them, as well asomtextual issues. These two sub-
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processes, which were given the titles “Social $tigation” and “Risk Assessment,” have
been highlighted for further analysis. Both subegsses followed protocols; however,
these protocols were applied differently by eachme This discrepancy pointed out

important variability in the process.
Figure 5-21 shows one of the candidates highlighteédde process model.

Risk Assessment

Medical records Medical records (updated)
Receptionrecords, Risk Receptionrecords (updated)
assessment history, Risk assessment history (updated)

NO Reception card

Figure 5-21: Highlighting the Candidate entitled “Risk Assessment”

Cognitive Modeling
As shown in in Figure 5-20, two candidates havenbégghlighted in the
identification of needs phase: “Social Investigatiand “Risk Assessment”. Figure 5-22

shows the decision ladder for the risk assessnzamtidate.
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Retrieve patient history:

Obs.: Too much window switching is needed, as retrieved information share the same screen,

making memorization necessary.

A) Retrieve patient’s medical records

o Needs to search by name or ID on the system;

«  Search results are shown alphabetically, so if there’s more than one people with the same
name, it’s necessary to click and see patients'files to compare them.

B) Retrieve patient’s social assessment;

® Asthe medical records are retrieved, click on the menu item that refers to social assessment

o This functionality gets full screen, hiding previous information

) Retrieve risk assessment history

*  Asthe medical records are retrieved, click on the menu item that refers to risk assessment
history

Patient conditions (REFERED)

Assign color

A) Decide which color the patient should be assigned

©  Must remember REFERED conditions

©  Must compare trusted information (medical
records, social assessment and risk assessment
history) conditions with information obtained
tacitly (information from patient’s assessment
team) and clinical conditions

B) Update risk assessment history

Select color. Save.

Outputs:

o Risk assessment history (updated)[system]

EVALUATE

«  Results are dates and values, making the evalution of patient’s evolution difficult
«  This functionality gets full screen, hiding previous information

D) Look for information from patient’s assistance team;

Sometimes this infomation is obtained through instant messengers;
«  Needs to memorize information

E) Update reception records

«  Register date ant time of reception. Save.

Inputs

o Medical records [system]

o Social assessment records [system]

o Risk assessment history [system]

«  Patient history (by patient’s assistance team) [spoken]

Outputs

o Reception records (updated) [system]

Patient’s clinical conditions (PERCEIVED)

Capture patient information

Obs.: CHA's information is not stored and must be memorized.
A) Capture vital signs,arterial pressure, weight and height;

«  Needs to remember the protocol of checking these aspects;

Patient routing (DECIDED)

o Needs to memorizes these physiological aspects’ values.

B) Examine patient and capture his symptoms;

o Clinical procedure and interpretation. Needs memorization of Route patient
A) Retrieve assessed color

8) Formulate guidances on patient’s flow
A) Guive guidances to CHA

Inputs:

o Risk assessment history [system]
Outputs:

o Patient [person]

«  Guidances [spoken]

symptoms.
C) Interview patient and listen to his complaints.
e Needs to memorizes patient’s complaints.
D) Update medical records
«  Find patient’s records (patient’s ID);
o Fill open text field. Save.
Output:
*  Medical records (updated) [system]

FORMULATE
OBSERVE PROCEDURES

Patient’s visual condition (AWARE)
CHA’s information on patient’s conditions (AWARE)

ACTIVATION EXECUTE

Receive patient from CHA

A) Get reception cards

B) Define attendance order

Inputs:

« Patient [person]

Reception card [paper]

«  CHA'shints on patient’s social and physiological
conditions [spoken]

Figure 5-22: Decision Ladder for the Risk Assessmeéandidate

The decision ladder displays information obtaine@lli phases of the approach, as
well as the results of the cognitive analysis. &taif knowledge shown in Figure 5-22 can
also be seen in the concept map shown in Figuido8ever, in the decision ladder the
states of knowledge are described as results ofnfeemation-processing activities that
enable them. As we made clear in the process nsdaeln in Figure 5-20, the decision
ladder indicates inputs and outputs that are ugezhbh information-processing activity, in
order to point out the information needs inside ¢énéire risk assessment activity. Those
inputs and outputs are provided either by the cdaerpsystem, which supports the entire
process, or by any other informal memory method tharkers use (e.g., papers or

information obtained in conversations).

5.2.7 Towards Requirements Specifications
Requirements engineering should provide mechanisraederstand what the client
desires through the analysis of his needs, theuatiah of viability, and the negotiation

used to find a reasonable solution (PRESSMAN, 20I@)this section we show how
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Software Requirements Specifications (SRS) cambareced by incorporating results from
the approach we propose in this article. SRS shioare follow the IEEE recommended
practice for writing requirements specificationdhieh describes good practices for SRS
content (IEEE COMPUTER SOCIETY, 1998 (ReaffirmeD&ember 2009)).

In this paper we focus on section 3 of the IEEE 3&S5, which relates to specific
requirements. Moreover, we have focused on theifsgon of functional requirements.
This section of the SRS should contain all of tbitvgare requirements at a level of detail
sufficient to enable the design of a system thatsaisfy those requirements, and be used
by testers to test that the system satisfies thexpdrements. Throughout this section, every
stated requirement should be externally perceivaplasers, operators, and other external

systems.

Although we show IEEE 380 SRSs, the approach wgesign this paper provides
elements for the beginning, or first iteration,tbé requirements specifications no matter
which requirements engineering methods or techsiqare adopted. This method offers
specifications that can be incremented in furtierations or stages of requirements
engineering, as they are already focused on higjlevaquirements. Figure 5-23 shows the
simplified diagram in which the actor “Risk AssessihTeam” accomplishes the use case

“Supporting Risk Assessment”.
Assessment
%/ |
Risk Assessment Team :”
DL-Risk Assessment
Team

Figure 5-23: Simplified use case diagram

The use case show in Figure 5-23 is considerednguczhed if the entire Risk
Assessment decision ladder (see Figure 5-22) iplsten Thus, if we consider that human
performance is made of both computer-supportedreomdcomputer-supported activities,
we should consider appropriate requirements a®ttihad would help in the achievement of

all expected states of knowledge.
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Therefore, requirements that can be extracted ftben information-processing
activities, and their inputs, outputs, constraiatsgd processing rules are described in the

decision ladder as well. We have explored the tfok@wing functional requirements:

* REQL: Capture patient information
* REQ?2: Retrieve patient history
* REQS: Assign color

These requirements are defined in the OBSERVE, IDIEEM, AND EVALUATE
information-processing activities, respectively. ttmee case explored in this paper the
ACTIVATE and FORMULATE PROCEDURES information-pra=ng activities do not
deserve functional requirements because they arsupported by the computer system,

and are thus not described in SRSs.

Some specifications, such as user and hardwarefaoés, should be made in
further stages of design and are not exploredisdtticle — these specifications are stated
as NOT APPLICABLE (N/A) in the SRS, as is seen iablE 5-15. Moreover, all data
handling has been related to a Relational DBMS,tduke fact that this is the way some of
the current inputs and outputs have been builtplBysspecifications shown in this paper

focus on simple inferences and should be deepentedther stages of design.

Table 5-15: SRS for the “Risk Assessment” Candidate

Specific requirements fdRisk Assessment

User interfaces

N/A

Hardware interfaces

N/A

Software interfaces

N/A

Use cases

“Supporting Risk Assessment”
Functional requirements
REQ1

Description Capture patient information

Input Medical records [system]
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Display

Capture vital signs, arterial pressure, weightlagight according to Family Health care Strategy
(FHS) protocol:

Put checkboxes to assure evaluation of all aspects.
Put text fields to enter the corresponding aspetses.

Fields must be displayed in the FHS protocol follgyvorder: vital signs, arterial pressu
weight and height.

o

Enable the capture of symptoms on patient’'s exainima

Put check boxes organized by colors (risks).

Each one of the four colors shows a set of chegkdéor its assigned symptoms.

If a suitable symptom does not have an appropecia¢ek box, enable a text field to insert it.
Register the patient's complaints:

Create a section to register patient’'s complasipifosed to be symptoms).

Put check boxes organized by colors (risks).

Each one of the four colors shows a set of chegkdéor its assigned symptoms.

If a suitable symptom does not have an appropciagek box, enable a text field to insert it.

Enable “Save” button.

System
Processing

Capture vital signs, arterial pressure, weight lagidht, according to FHS protocol:
Once aspects are checked, save them.

Also save the corresponding aspects values.

All fields are required in the FHS protocol order.

Enable the capture of symptoms on patient’'s exainima

Once symptoms are selected or typed, save them.

These fields are not required.

Register the patient’s complaints:

At least one check box is required.

Save information on “Save” button click.

Output

Medical records (updated) [syste.

Constraints

Patient must have been identified and records haws been retrieved.

Data Handling Data must be stored in relational DBMS.

REQ2
Description Retrieve patient history
Input Medical records [system]
Social assessment records [system]
Risk assessment history [system]
Display Screen must be divided into three frames: Medebrds, Social assessment and risk assessmemyhisto

All frames must be simultaneously visible in thensascreen.
Display patient’s medical records:

Show evolution graphs to represent existing numedales (body temperature, weight, height, artg
pressure etc.).

Must occupy no more than a portion of the screen.
Display patient’s social assessment:

Show patient’s residence on the map and his acedos (risk grade).

al
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Must occupy no more than a portion of the screen.

Display risk assessment history:

Show line graph with patient’s risk evolution.

Must occupy no more than a portion of the screen.

Enable the capture of information from patient'sisisnce team:
Enable text field to store information from patiergssistance team.
Enable check box to indicate that assistance teanbéen consulted.
Enable the update of reception records:

Enable calendar (date and time).

Enable “Save” button.

System
Processing

Display patient’'s medical records:

Generate the corresponding graphs.

Display patient’s social assessment:

Generate the corresponding map.

Display risk assessment history:

Generate the corresponding line graph.

Enable the capture of information from patient'sistance team:
Once information has been typed in the text fisée it.

Once check box has been checked, save it.

Enable the update of reception records:

Compare date and time selected with system'’s cudiae and time.
If different, alert user.

On “Save” button click, save.

QOutput

Reception records (updated) [system] : occasioliradiding information from patient’s assistancernte

Constraints

Patient must have been identified and records haust been retrieve

Data Handling

Data must be retrieved from relational DBMS;

Data must be stored in relational DBMS.

REQ3

Description

Assign a color

Input

Patient records [system]

Display

Display suggestion of which color the patient skdug assigned:

Must occupy no more than a portion of the screen.

Show suggestions of risk assessment (probabilibcofirrence of each color) in a graph.
Show consolidated data, explaining how each calobability has been calculated.
Show option “agree with systems suggestion” touther.

If not agreed, enable combo box for color selection

Enable the update of risk assessment history:

Enable “Save” buttc.

System
Processing

Display suggestion of which color the patient sddug assigned:

Retrieve stored data.

Retrieve patient’s records from database (see R.
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Based on retrieved data, an algorithm should stuggésates.
Generate graph.
Enable the update of risk assessment history:

On “Save” button click, save.

Output Risk assessment history (updated)[system].

Constraints Patient must have been identified and records hawst been retrieved;

Patient’s records must be visible on the screen.

Data Handling Data must be retrieved from relational DBMS;

Data must be stored in relational DBMS.

A software requirement may exist because of tharaaif the task to be supported
or because of a special characteristic of the ptofgowever, the SRS should not describe
any design or implementation details. The SRS dirtlie range of valid designs, but does
not specify any particular design and, most ofsiibuld not impose additional constraints

on the software.

As the decision ladder shows how people actuallykwioe., “as is”), the SRS
should describe how the system should perform @eroto help workers accomplish their
objectives (i.e., “to be”). Therefore, we can séattspecifications are described in
accordance with information processing activitiest they are deepened to show how the
software should work and what it must provide theeru We used the steps that
professionals follow as described in the DL to guilde writing of specifications that point
out how the system should perform. The same is tlodescribe the computerized form of

inputs and outputs.

5.2.8 Discussion

There is recognition that design flaws in healtforimation technology lead to
increased cognitive work, impact workflows, andigrat harm, and the human factors and
ergonomics discipline can help in increasing thewdedge to redesign the systems and
improve patient safety and quality of care (CARAYONE e KIANFAR, 2013). In some
cases the lack of information about the systemifopmance generates usability issues that
contribute to disparities in the utilization of kewlogy and patient safety concerns,
particularly among non-typical users (GIBBONS, LOWR PATTERSON, 2014).
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At the end of the fieldwork, all five Family Healtare assistance teams underwent
new interviews designed to evaluate the effectigsred the proposed approach. As each
team had eight professionals directly involved he Reception process, these structured
interviews collected answers from 13 professiorfaten diverse categories. In these
interviews, health care professionals saw all @& thodels that were produced and the

resulting specifications.
The following questions were presented to the p@mals:

* How completely do the models represent your work?

» How adequately do the models represent your aietsAt

» How correctly do the models represent your flow aeduence of activities?

 How correctly do the models represent the inputd aatputs of your
activities?

» How correctly do the models highlight high-demamivork situations?

* How can you benefit from technological support tee thighlighted

candidates?

Interviewed professionals could answer “completely¥ery”, “moderately”,
“poorly”, or “inadequately” to each question. Aligfessionals interviewed stated that the
models “very” or “completely” represented their ol here were no claims that the work
was “poorly” or “inadequately” represented. The sawas stated for the representation of

the sequences of activities.

Regarding the identification of inputs and outpftactivities, more than half of the
respondents stated they were represented “modgraf€his may indicate lack of
understanding about the results of the activitieanteractions with professionals during
observation, we found that many of them have podetstanding about the results of their

own activities as they relate to the persistenaelefvant information.

The first point of discussion is the indicationfagh-demanding work situations, as
all of the answers pointed out that the approacth fighlighted the right candidates,
especially the risk assessment — always referraoh astellectual, physical, and cognitively

overloaded set of activities. Although right caradas to IT support have been pointed out,
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some professionals have stated during intervievas some candidates might be more
important than others, which makes us to infer fhradritization of candidates might me

important.

When asked about how they could benefit from thepadn of IT to support
specific candidates on their domain, only one @f ithterviewed professionals answered
“poorly”, suggesting that the approach did not paiat clearly which parts of their work

should be assisted and which ones should not.

Another discussion point regards limitations of thedels used. Classical workflow
management systems and their supported langudge8RMN are better for structured
processes rather than complex, dynamic, and urgiaddie systems, which require much
flexibility (VAN DER AALST, PESIC e SCHONENBERG, P@). Despite this limitation,
multiple process models have been built in ordergoresent multiple views of work
performance. Moreover, process models have beahtasepresent the boundaries of the

process, providing means for deeper analysis ardelimg with adequate tools.

Considering the basic structure of SRS stated enlBE 380, we can see how it
reflects data collected and presented in othefaatte built while applying the proposed
methods. For example, the decision ladder reflacts deepens information represented in
the synthesis process model, while SRSs also shéevmation modelled in previous

phases.

Although we highlight the importance of experts’amations of the results,
presenting the methods to software engineers, angparing the results of the proposed
method with the results of regular software engimgetechniques might bring important
extra evaluations. However, we must take into aersition that traditional software
engineering modeling techniques are based on statics of the context and domain, and
as we stated in previous sections of this pap@eds of complex systems hamper these

techniques.

5.29 Conclusions
In complex systems several factors are added topl@sowork, such as

unpredictability, variability, and constant decrsimaking. In these systems, work does not
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always go as planned, requiring operators to makestant use of improvisation. The
difficulty of understanding work in complex sociokmical systems, given that it is often

influenced by a large number of factors, makedfficdlt to adopt support devices.

Thus, in this paper we propose a case study icdh&ext of health care to explore
the contributions that the human factors disciptinald give to address major issues in the
development of support tools in complex work enwvinents. Fieldwork has been carried
out in a primary health care facility to demongrdéhhe use of an approach that brings
together human factors concepts and software emgetools to improve requirements

specifications for complex sociotechnical systeis |

This three-phase approach uses cognitive engirgeéoinincrease understanding
about how professionals perform complex work, tgkinto account the cognitive effort
made by those workers in performing their actigitieurthermore, we define the parts that
could best benefit from computer support — the higlue requirements candidates — which

will then be described in cognitive models.

Information obtained during the execution of thegmsed approach can be used to
increase the reliability of requirements specifmas, as the high-value candidates have
been defined and information about how people wak been gathered and organized in
structured representations. Results obtained pmibtthat the requirements engineering

process could benefit from the concepts, tools,tackniques suggested in this paper.

This work is influenced by cognitive ergonomics,iethcontributes to the design of
computer-based systems by supporting aspectseshotion that depend on the knowledge
usually required by humans in order to use IT tpriowe the effectiveness of their work.

As IT support increases to meet new and diversestymd levels of complexity,
this work could be useful in helping informationsms to not only meet their technical
requirements, but also to deliver anticipated suppor real work in complex

organizations.

125



5.3 Article 3: Supporting Decision Making in Patient Rsk Assessment Using

a Hierarchical Fuzzy Model

53.1 Foreword

In this chapter we present a hierarchical fuzzy ehdd support the assignment of
risk scores in the patient triage and risk assessp®cess in primary health care. This
approach uses triangular fuzzy numbers under the &eimework in order to illustrate the
inherent imprecision in the evaluation of patiersgkr Fieldwork was conducted in a
primary health care facility in Brazil to demonstrahe applicability of the proposed

approach.

The proposed approach enabled the weighing of stdsta and the establishment
of relative importance of each criterion in thenfiation of patients’ risk scores. Using this
approach we also provided fuzzy representationpadients’ conditions, appropriately

weighted according to the relative importance aheeriterion.

The AHP framework enabled the definition of relatimportance of criteria, which
contributed to more suitable and approximate didims of patients’ conditions.
Furthermore, fuzzy numbers enabled the representatf membership functions of
patients’ conditions to each alternative in thé ssale, which had been proved a useful

support to health care workers’ decision making.

Citation information for this chapter’s resultingger can be seen below:

Jatoba, A., Bellas, H.C., Burns, C.M., Grecco, GS.H.Vidal, M.C., de
Carvalho, P.V.R. (under review). Supporting DecisiMaking in Patient Risk
Assessment Using a Hierarchical Fuzzy Mot&l. Transactions on Occupational

Ergonomics and Human Factors
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5.3.2 Introduction

Judgements in complex systems like health caresually made under uncertainty
and subijectivity. In health care, risks are veghhilue to criticality, complicated processes,
hazardous environments, and the very dynamic betaand health conditions of patients.
Some common constraints in these workplaces, illke pressure, ambiguous information,
make it impossible to apply traditional methods stagpport decision-making (KLEIN,
1997). Particularly in a public decision-makingisation, workers prefer not to express their
preferences explicitly, or the alternatives havepriesise, uncertain values for criteria
measurements (OKUL, GENCER e AYDOGAN, 2014).

The risk assessment process in primary healthdser oonsists of the assignment
of a risk score — illustrated by colors — that ddaepresent the severity of the patient’s
conditions and potential to develop illnesses.kRssessment is an important process since
it affects patients’ triage to services and treatimb order to assign a risk score that truly
represents a patient’s conditions, health care grsriust consider a large set of subjective
and imprecise variables, such as sewerage conglitio@ighbourhood security, family

resources and capability and the current symptaesepted by patients.

Thus, in this paper we present a hierarchical fumpglel to support the assignment
of risk scores in the patient triage and risk assest process in primary health care. In
this approach we used the Analytical Hierarchy Pssc(AHP) to define the relative
importance of criteria and sub-criteria that woskase to assign risk scores to patients in
primary health care. Furthermore, we have adoptedgular fuzzy numbers to illustrate
the imprecision in the evaluation of patient risikough the definition of membership
functions to represent patients’ conditions andgiegc alternatives.

5.3.3 Motivation

In this paper we focused our attention in decisi@kers — health care professionals
— facing uncertainty about the outcomes of theaigien. In health care facilities workers
are affected by many aspects such as time pregsissing information, poor resources,
etc. These aspects, along with personal preferemmgesions and expertise, affect the
behavior of workers, thus, the way they make deossis also affected.
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In the specific case of patient risk assessmeatethre protocols in which criteria
for decision making are described. We present a stagly carried out in a Brazilian health
care facility that uses the Manchester Triage RatMANCHESTER TRIAGE GROUP,
2005) as the basis for the patient risk assessprenéss. The Manchester Triage Protocol
presents a set of colors used to classify pati@aotsrding to their risk of evolving into a

dangerous health situation.

Although criteria present different importance adaog to the context, the
relevance of criteria in relation to each othenas precise. For example, we know that a
patient with a red assignment shows evidence obie mangerous condition than a patient
with a yellow assignment. However, the same sympt@an be used both in red and
yellow assignments, showing that the risk assignmennot a simple evaluation of
symptoms. Furthermore, expert decision makers @maisk assessment show not only
analytical skill but also effective use of intugivdecision making, exploiting their deep
experience and skills (SAAY, 1987; SAATY, 1990).

Fuzzy logic has been used extensively in the healtd field. For example, we can
see applications of fuzzy reasoning in knowledgeeaexpert applications for pattern
matching and decision analysis in the diagnostac@ss (BARTOLIN, BOUVENOT et
al., 1982). Fuzzy logic has also been used in the dvaonk of medical diagnosis, with
applications that define relationships between signd diagnoses by means of fuzzy
relations showing how diagnoses can be derived gofthmatching processes (SANCHEZ,
1998). More recently, we can see the use of fuagiclin the assessment of the intensity of
signs and symptoms of typhoid fever (SAMUEL, OMISOR OJOKOH, 2013), as well as
in the assessment of requirements of health cawices (LEE, RU,et al, 2015), along

with many other kinds of medical applications.

The sectors of medical activities can be organire@ hierarchy according the
procedure, i.e. methodologies, relationships antiashels are correlated. Therefore, this
situation substantiates the hypothesis that a safideapplication in one sector of health
care can lead to a successful application in destors (ABBOD, VON KEYSERLINGK,
et al, 2001).
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Thus, we believe that workers performing the patiesk assessment would benefit
highly from the concepts present in the Fuzzy $atory (ZADEH, 1965; ZADEH, 1975;
GRECCO, CONSENZAet al, 2014), which provides methods to tackle humamitimm
during decision making with multiple criteria, ingmise outcomes, and under inherent

uncertainty that comes with this kind of reasoning.

This study has the conceptual and practical siggniite of increasing the
comprehension of how the fuzzy logic can be usedepwesent the decision making of
primary health care workers during the evaluatibrpatients’ conditions, enabling the

design and development of decision support devarethe patient risk assessment.

Moreover, multiple criteria are usually organizedhierarchies where each sub-
criterion has its own importance for a main craerand traditional Multi Criteria Decision
Making (MCDM) approaches are generally not effextifior multi-level hierarchy of
criteria, lacking description of relations and ndependency of criteria and their sub-
criteria. As decision criteria are usually deperidém each other, evaluating them
individually disregarding such dependency may léadnadequate results (RAMIK e
PERZINA, 2010; YANG e LI, 2013)

Thus, this is the major contribution of this pape&hich uses relative weights to
rank criteria and determine the importance of eadRrion for the definition of the most
suitable alternative for decision. We use triangfil@zy numbers in the AHP framework
(SAATY, 1990; SAATY, 1977) in order to take advageaof both AHP and fuzzy logic
principles and methods. Therefore, we develop aaihbadsed on the MCDM principles, to
represent the decision problem of the assessmepati@nt risk in the context of primary
health care. We demonstrate the potential of tlpgeed approach by employing it in a

primary health care facility in Brazil.

5.3.4 Research Problem and Question

Decision making in complex systems is hamperedhayfact that the object of
choice always involves context variables that buamgertainty and unpredictability to the
outcomes. Complex systems comprise causal pracasskeagents whose interactions lead

to unpredictable outcomes and consequences, arabtms adapt themselves, interacting
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in complex ways that reshape their collective fet(AXELROD, AXELROD e COHEN,
2001).

The health care domain proved to be a good carmdifteit computer support to
decision making due to the high cognitive demanosreased by aspects like
unpredictability regarding the amount and sevesityatients, concurrent management of
multiple individuals requiring timely responsesdanneed to cope with limited resources.
The complexity of health care facilities includeketfunctions of the work, the
implementation of technology, activities and wookis performed by the people and the
technology, as well as the social, physical, caltuand organizational environment.
Managing the cognitive, physical, spatial, and terapresources in such systems is crucial
for patient safety and quality of care (FRANKLINIU, et al, 2011).

In this paper we explore the research topic ofdbesion making in patient triage
and risk assessment in primary health care, addge®e problem of providing a decision
support model capable of tackling the inherent ttaggy and imprecision of human
evaluation of patients’ conditions in order to gasihem risk scores. We suggest that fuzzy

logic might be one approach as means to addredsltibeing question:
« How can health care workers’ practices, protocatgntal models, and
decision making be embedded into an inference macltapable of
providing a decision support tool in order to impgowork situations in

patient risk assessment in primary health care?

A big challenge is presented when one wants toigeocomputer support to
decision making in health care, as it's necessarglesign better sociotechnical systems,
enabling better interaction between humans and aterp (DELANEY, FITZMAURICE,
et al, 1999).

5.35 Materialsand Methods
This research follows qualitative principles andadeollected in has been codified
according to recognized analytical tools (STRAUSE@RBIN, 1998). All participants

agreed with consent terms and their names had kegginconfidential. Primary data been
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collected by means of non-participative ethnograpbibservation and semi-structured
interviews during field study carried out among pfefessionals involved in the risk

assessment process in a primary health care yacilRio de Janeiro, Brazil.

This study is in accordance with the ethical ppies of the Resolution n°® 466/2012
of the Brazilian National Council of Health Care#Bilian Ministry of Health regarding
scientific research involving human beings, andlheeen approved by the ethics committee
of the Sergio Arouca National School of Public Hie®llOCRUZ.

5.3.5.1 Fuzzy Logic as a Behavioral Model to Support DecisiMaking Under
Uncertainty

A decision problem is defined by the available opsi, the possible outcomes or
consequences of the chosen option, and the contiregeor conditional probabilities that
relate outcomes to options. The perception thaesadec maker has about the available
options is controlled partly by the formulation thie problem and partly by the norms,
habits, and personal characteristics of the detisiaker (TVERSKY e KAHNEMAN,
1981). Moreover, when there are multiple decisioakens and multiple criteria are
available, situations of conflict among workers ayw arise as each expert has his own

opinion under each criterion an alternatives (HSCHEN, 1996).

There are essentially two approaches to modelinganudecision making: the
normative approach, which is outcome-oriented, thasethe idea that if one can correctly
predict the outcome of the decision making, thendhcision process can be understood;
and the behavioral approach, which is process-&tgmased on the assumption that if one
understands the decision process, than it's p@ssibpredict the outcome. According to
behavioral theories (sometimes called descripfvescriptive, or cognitive) understanding

how decisions are made can help defining how ticaya#ly should be made.

Normative decision theories have their foundationsconcepts surrounding the
rationality of the decision maker and the optinyabf the decision. According to these
concepts, when decision makers don't follow certaites supposed to describe their
behaviour, they are being suboptimal or irratiomééregarding the fact that behavior is

purposing and goal-oriented, even though some w@ayget to the goal are better than
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others (EINHORN e HOGARTH, 1981). One of the mapormative approaches to the
decision theory is the expected utility model.

Furthermore, judgment and choice are also affebtethe way contextual aspects
are represented by decision makers. Any contextuahges, even the lesser ones, affect
the cognitive representation of the problem by peopaking decisions, affecting people’s
behavior and, thus, its predictability. Anothepext that must be considered is that, while
making decisions in complex sociotechnical systepsople must cope with many
contextual factors like ill-structured problemscartain variables, competing goals, time
pressure, etc.

Although the foundations of the theory of decisinaking under uncertainty come
from the expected utility model, the idea that theice can be described in terms of the
utilities of the outcomes for the decision makes h@en subject of long time criticism.
Tversky and Kahneman state that people’s choiceggsoby framing and evaluating acts,
outcomes and contingencies, expressing the outcai#se decision as gains or losses
(KAHNEMAN e TVERSKY, 1979; TVERSKY e KAHNEMAN, 1974

For Tversky and Kahneman, people’s behavior whilgkimg decisions under
uncertainty can violate principles of the expeatélity model. For example, in normative
models, the utilities of outcomes of the decisiom\aeighted according to their probability
of occurrence. However, people can overweight iEpegutcomes considered certain,

when compared with other outcomes considered aolygble.

Moreover, the subjective assessment of probabiitypased on data of limited
validity, processed according to heuristic ruledthough these rules have some validity,
reliance in this rule alone may lead to errors Btingations they want to present
(TVERSKY e KAHNEMAN, 1974). Therefore, as the rdlity analysis is constantly
undetermined by the unpredictable behavior of dpesaat work in complex systems the
probabilistic approach is not the most approprate for solving such problems. Lack of
experience data, entangled cause-and-effect netdiips and imprecise data hamper the
choice process using probability models (ZADEH,3;.98HANG e HOSSEN, 2013).
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However, although behavioral decision models likespect theory are based on
descriptions of observed workers’ behaviors, thi#ly ely on the assumption that the
decision-makers perform under consistent rules (BHRAIFFA e TVERSKY, 1988).
Furthermore, traditional paradigms compare the iuaf the decision with rational
standards that might be appropriate for typicatdabut don’t consider contextual aspects

that join decision making in the real world.

Although decision-making is a structured processs ivery dynamic, involving
complex search for information, getting feedbacknfr all directions, gathering and
discarding information, coping with constant unagenty, conflicting concepts, and multiple
attributes. Moreover, humans are reluctant detisiakers. Human decision-making is an
organic process, made on pre-decision and possidacistages loaded by numerous
contextual aspects (ZELENY e COCHRANE, 1982). Homavaluate alternatives by
means of their consequences. If there is unceytathere is not one clearly defined
consequence for each alternative, and there’s mohrmformation about the likelihood of
specific consequences (COMES, HIETE e SCHULTMANG12).

According to Klein (KLEIN, 1997; KLEIN, 1999), theray people make decisions
is naturalistic, i.e. decision makers are more eomed about increasing situation awareness
through feedback, rather than developing multiggdams compare to one another. The
Naturalistic Decision Making (NDM) approach is ceneed about understanding the way
people user their experience to make decisionstl@dcognition involved, rather than
comparing the available options, since most of tinge, there are typically multiple
conflicting criteria that need to be evaluated iaking decisions. Furthermore, human
reasoning is not precise in its nature. Only alsfrection of human thinking relates to

reasoning in precise logical or quantitative terms.

The Multiple Criteria Decision Making (MCDM) disdipe is suitable to these
situations, since it provides concepts and mettiodstructuring and solving decision and
planning problems involving multiple criteria. Thaurpose of MCDM is to support
decision makers facing problems where there isanatique optimal solution (ASHTIANI
e ABDOLLAHI AZGOMI, 2014).
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When dealing with conflict, decision makers stagarshing for new suitable
alternatives to reduce ambiguity or uncertaintywideer, during this process, the ideal
image can be displaced and the conflict might mremsed rather than reduced. The
evaluation of alternatives becomes systematic agltminance of one choice among the
existing alternatives becomes clearer to the datisiaker. However, this is not linear, but
a dynamic process of careful interpretation andsessment of alternatives (ZELENY e
COCHRANE, 1982).

However, classical MCDM methods require perfectiglen information, like
assigning precise weights to criteria and interigivevolving a decision maker, which
makes it difficult to cope with decision making @mdincertainty. Moreover, in these cases
there is a need to model the way humans actualhk thnd reason with information
described in natural language, for which the fuzagic brings many contributions
(ALIEV, PEDRYCZ,et al, 2013).

Thus, fuzzy logic (ZADEH, 1975; ZADEH, 1965) cabutes to MCDM by
providing methods to represent and cope with apprate reasoning, fitting in the inherent
uncertainty in human cognition. Differently fronhet standard logic, fuzzy rules of
inference are approximate rather than exact, maksigtable to multiple criteria problems
when human evaluations are needed, and, therafwdeling the human knowledge is
necessary. The purpose of fuzzy logic is to providgs to reason with vague, ambiguous
and imprecise knowledge, enabling the computatice@lesentations of decision problems
in a complex system in a similar way it supposeteaepresented by people. It has been
considered as a modeling language to approximatatsins in which fuzzy phenomena
and criteria exist (GRECCO, CONSENZé&t al, 2014).

One of the disadvantages of the traditional degisih@ories is the lack of attention
to interaction among the aspects involved in denisinaking. Variables to represent
environmental and contextual factors can be place@ decision model, but usually
disregard the way these factors interact (ALIEVDREYCZ e HUSEYNOV, 2013). As
the prospect theory and other behavioral approaithdscision making are developed for
precise and complete information, the behavioralisien making discipline benefits of

134



fuzzy logic concepts, since behavior and envirortmeme qualitative and described in

natural language.

One of the main advantages of using fuzzy logisupport decision making is the
use of linguistic variables rather than numericoon&his makes fuzzy representations of
decision problems more understandable and sinmoldruman thinking, as preferences as
human judgments are often described in naturallagg and cannot be described by exact
numerical values. However, we must highlight thatzfy systems require more tuning
before becoming operational than regular systenksirthermore, fuzzy logic can be
combined with other models to enhance its results increase effectiveness through the
description of imprecise values in membership fiomst (MCNEILL e THRO, 2014; LEE,
1996).

5.3.5.2 Application of the Proposed Model
The application of the fuzzy model we propose is fiaper followed three basic

steps:

a) Scenario selectionThe clinic manager presented six real patientpimes
that have been performed in the health care facAimong these, three have
been selected randomly for the application of trmdleh We can see the
selected scenarios in section 5.3.5.4.

b) Interview professionals: workers have been argued about risk assessment
procedures, criteria, and decision alternativestaDeollected in the
interviews populated the fuzzy model as can be seesection 5.3.5.5.
Workers also discussed the scenarios in ordegtodiout whether the rates
given to patient in the selected situations wemeexd. Opinions of workers
were used subsequently as expert opinions for cosguawith the results

provided by the fuzzy model as can be seen inigmigsion section.
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¢) Run scenarios through model: data from the selected scenario were
included in the fuzzy model, resulting in patieiskrassessments as can be
seen in section 5.3.6. Results were compared wjtkré opinion in order to
assess how good the fuzzy model was at matching ge& assessment

according to the experts

5.3.5.3 Participants

Participants were selected according to their icelat with the risk assessment
process in the primary healthcare facility. As tpiscess is collective and ubiquitous, all
health care professionals that work in the cliractigipate of the risk assess process one
way or another. Either by directly applying it foatient spontaneous demands, in the risk
assessment room — like nurses and orderlies — argitudinally” like formulating
procedures, assigning risks to families, evaluatogditions of locations etc. — like

physicians and community health care agents.

Therefore, the selected participants were all mrgederlies, physicians and
community health care agents of the primary heafthdacility in which this study was
carried out. All professionals have been invited their participation was voluntary.

Fourteen workers agreed to participate and wees\vigwed.

All interviews were conducted individually and kedtapproximately 30 minutes.
The interview guidelines had both multiple-choiged aopen questions and participants
could speak freely about different aspects of thark. Interviews began with an inquiry
about the professional profile of interviewees]daked by AHP pairwise comparisons of
risk assessment criteria. Participants could addlo dbout the criteria, pointing out their

relevance as well as suggesting inclusions andisixeis of criteria.

Subsequently, three scenarios of patients seekeddthh assistance have been
presented to participants. To each scenario, tbalddell what risk grades patients could
receive, as well as what risk grades they shoutdeoeive. They could also speak freely

about the features of scenarios and were arguedt almome aspects involved in those
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scenarios, like amount of information, quality ofarmation, workload, time constraints,

etc.

5.3.5.4 Scenarios

Scenarios are based on real work situations and bhegn built with data collected
from the information system used in the primaryltteaare facility and in observations
from previous studies. Risk assessments of shepatihave been collected and three of
them have been randomly chosen to construct scantan the application of the proposed

approach as shown in Table 5-16.

Table 5-16: Scenarios for the application of the mposed approach

Scenario 1 An approximately 45 years old male pat@®mes to the risk assessment team, complairtiogtaear ache an
presenting fever. The patient lives with his wéfied two kids (5 and 7 years old respectively) ihoase made o
recycled wood, located in an area with no sewerage.

Although this patient is unemployed he gets govemnmiad allowance. He doesn’t have any history fdrred illnesses

Scenario 2 A 28 years old female patient is recelwe the risk assessment team, presenting higredegfrfever and coughing.
The patient has no kids, and lives with her paremts brickwork house, in an area with proper segyerand city
water.

The patient is unemployed and doesn't get any gowent allowance. Her father, a 60 years old mah wiheart
condition, has a history of tuberculosis.

Scenario 3 A mother comes to the risk assessmamt véth her 8 month baby girl which, according & tcries incessantly angd
refuses breastfeeding. She also states that tye fr@sents diarrhea, which has not been confirmedhe risk
assessment team. In preliminary exams, they smédhat the baby presents cough and runny noseoiever.

The family dos not receive government allowance,the baby’s parents are married and her fathemigloyed. The
family lives in a brickwork house, although thegtéourhood in which their home is located pressatse areas with
exposed sewerage. None of them have history efrezf illnesses.

Three workers have been chosen randomly to besepied in the proposed fuzzy
model: one physician, one nurse, and one orderlth different levels of expertise,

experience, and background. Their profiles canelea elow:

* P1: Physician, graduated approximately one to tiieaes ago, and has only
worked in primary health care since then. In thet fave years he/she has
taken between two and four extracurricular coursiegshe is not part of the
team that performs the risk assessment for pa@ntaneous demands;

* P2: Nurse, graduated for more than five years,viaked as an orderly

before graduation, and works in primary health ¢aranore than 10 years.

137



In the last five years, has taken between two amd Extracurricular
courses. He/she performs the risk assessment prbo#is for spontaneous
demands and in the longitudinal form, and has bperforming risk
assessment for approximately three years;

* P3: Orderly, doesn’t have college education buttaken between two and
four extracurricular courses through the last fixgars. He/she has been
working in primary health care for more than 10rgeand has worked as a
community health care agent before being an ordéity approximately
three years, he/she has been performing the resdsasent process both for

spontaneous demands and in the longitudinal form.

5.3.5.5 Fuzzy Modeling of Patient Risk Assessment
The first step was defining the structure of the&k rassessment problem. Work
analysis performed during previous work (JATOBA, LRAS, et al, 2015) pointed out

that the assignment of risk rates to patients weade upon three kinds of criteria:

» Current clinical conditions: symptoms the patiemegents by the time of his
attendance to the clinic

» Family social conditions: financial and housing ditions of the patient’s family

» Patient individual social conditions: patient’s dmrcial, educational and historical
health situation.

According to data collected during fieldwork, thesain criteria are divided into
sub-criteria, resulting in the representation @ liierarchy and suitable alternatives shown
in Figure 5-24. Each sub-criterion has a relatmportance weight in the formation of its
corresponding main criterion. These criteria, ubgdeams to assess patients’ and their

families’ social a health risk, reflect the potahtf developing illnesses and vulnerabilities
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each family has (SAVASSI, LAGE e COELHO, 2012; SAS®I, CARVALHO, et al,
2012).

The decision alternatives are the risk scores ef Manchester triage protocol,
represented by five colors: blue, green, yellowd, @nd black. Each main criterion has a
relative importance in the formation of the patiemtsk. Thus the patient risk could be
enunciated as “the sum of relative-weighed sulecat and weighed by the relative

importance of the corresponding main criterion”.

nnnnn
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Figure 5-24: Problem hierarchy and decision alterntives

In order to express values of variables in real-Bftuations humans use natural
language. For example, the same way workers casdda degree value to express how
much fever a patient is experiencing, they coutdpdy say “high” or “very high”. This
notion is also important to the cases in which ¢batext modifies the relevance of the
variable, e.g. fever in patients with different seage conditions. Thus, to express the
values of the variables explored in this paper weduinguistic variables (ZADEH, 1965;
ZADEH, 1975) due to its suitability to human natulanguage and representation of

imprecise values.

To describe the relevance of each criterion inti@mlato others, we used the

following linguistic terms: equal importance (Elnoderately more important (MMI);
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strongly more important (SMI); very strongly moragortant (VMI); and extremely more
important (EMI).

To describe the patient conditions in each criter@ used the following linguistic
terms: very bad (VB); bad (B); medium (M); good (@hd very good (VG). Following,
we describe the fuzzy membership representatidingdistic terms as well as membership

functions for the decision options for risk assemsm

Membership functions allow the graphical repres@mia of fuzzy sets. The
membership value of an element X in the fussy setefines its relevance to the fuzzy.
First, we started by defining crisp values to ediclyuistic term according to the
fundamental scale of absolute numbers (SAATY, 19F0r each of these crisp numbers, a
fuzzy number has been related as we show in Tallg &s well as membership functions

shown in Figure 5-25.

Table 5-17: Linguistic terms and fuzzy numbers forelative relevance

Linguistic term | Crisp value | Fuzzy value
El 1 (1,1,3)
MMI 3 (1,3,5)
SMI 5 (3,5,7)
vMI 7 (579
EMI 9 (7,9,9)
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Figure 5-25: Membership functions for relative releance linguistic terms

The same has been done for the linguistic termd tesdescribe the rates of criteria,

which we show in Table 5-18 and Figure 5-26.
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Table 5-18: Linguistic terms and fuzzy numbers forriteria rates

Linguistic term | Crisp value | Fuzzy value
Very bad 9 (7,9,9)
Bad 7 (5,7,9)
Medium 5 (35,7
Good 3 (1,3,5)
Very good 1 (1,1,3)
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Figure 5-26: Membership functions for criteria rating

The alternatives for decision making in risk assesg are represented by the five
colors defined in the Manchester Triage Group cdadomle. Fuzzy numbers and

membership functions for each of these risk gradeshow in Table 5-19 and Figure 5-27.

Table 5-19: Fuzzy numbers for risk grades

Variable Crisp value Fuzzy value
Blue 1 (1,1,3)
Green 3 (1,3.5)
Yellow 5 (3.5.7)

Red 7 (5,7,9)
Black 9 (7.9.9)
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Figure 5-27: Membership functions for risk grades

Although we have defined a specific set of lingaistrms to describe criteria rates,
equivalencies and reductions can be used. Form@grarivery high” might be more useful
than “very bad” for a symptom like fever. Similgrlfor some symptoms only “bad”,

“medium” and “good” might be suitable.

The second step was focused on weighing workernsiiaps. Workers’ opinions
are weighed according to a set of professionalufeat considered relevant to the
performance of risk assessments. During intervieanagers stated that three professional
features are the most important in risk assessmegitng and ability to listen to patients’

complaints; technical expertise; and mastery &f asssessment processes and workflow.

Workers have been classified according to theifgssional features. In order to
classify workers and assess their technical exgeethie following aspects in their profiles

have been counted:
- Physicians or Nurses: 1 point;
- Orderlies which completed college graduation: hpoi
- Directly involved in the risk assessment procegsoiht;
- Working years since graduation: 1 point per year;
- Extra courses related to working area in the laset years: 1 point per

course;

142



The same principle was followed to assess workerastery of risk assessment

processes and workflows, taking into account tileviang aspects in their profile:

- Nurses and orderlies: 1 points;

- Worked in some other position in primary healthecdr point;

- Years of experience in health care: 1 point per;yea

- Years working specifically in the primary healthr&al points per year;
- Years performing the risk assessment process:rt per year.

According to managers interviewed during fieldwonlgrkers relate differently to
the risk assessment process. For example, physiceéy more in their technical expertise
since they perform risk assessments mostly durmrgnal work conditions like booked
appointments or home visits in which they are dblgather information previously and
make plans. On the other hand orderlies rely maréheir mastery of the risk assessment
process, since they are responsible for performisf assessments in spontaneous
demands, which are abnormal conditions. Thus,rderoto weigh workers differently
according to their profile, we assigned them onmtpfmr each matching profile feature,

counted and normalized the total points, and obththe indexes shown in Table 5-20.

Table 5-20: Obtaining skills and experience relatig indexes

Points Normalization
Technical expertise | Mastery of processes and workflvs | Expertise index (X)| Mastery index (M)
Worker 1| 12 6 0.22 0.09
Worker 2| 24 29 0.44 0.45
Worker 3| 19 29 0.35 0.45
> 55 64 1.0C 1.0C

Following, feeling and ability to listen to patishcomplaints have been assessed
according to the results of the observation of woskperforming their tasks, as we show in
Table 5-21.

Table 5-21: Evaluation of the criteria "Feeling"

F

F2 i Feeling index (F)
P1| P2 | P2

Worker 1 (P1) | EI | SMI | MMI 3.00‘ 10.33| 51.00 64.3 0.68
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Worker 2 (P1) El EMI | 3.40| 3.00 18.60 25.00 0.26
Worker 3 (P1) El 0.6¢ | 1.8¢ | 3.0C 5.5¢ | 0.0¢
> 94.91| 1.00

In Table 5-21 we see the pairwise comparisons douprto the AHP framework

(F), which defines the squaring of the pairwise maff?) and the normalizationi)(in

order to obtain an eigenvector, which, in this casters to the feeling inde¥) (SAATY,

1990).

Following, once the importance indexes of all pssfenal features were defined,

workers gave their opinions about the relevanceeath professional feature when

compared to each other, resulting in the pairwigsmarison matrixes shown in Table

5-22.
Table 5-22: Pairwise comparison of professional chacteristics
Participant 1 Participant 2 Participant 3
Mastery Mastery Mastery
Feeling Techn!cal of Feeling Techn!cal of Feeling Technl_cal of
expertise | processes/ expertise | processes/ expertise | processes/
workflows workflows workflows
Feeling El El MMI El MMI SMI El El El
Technical expertise El MMI El MMI El El
Mastery of El El El
Processes/workflow

The matrixes were averaged\’), squared and normalized, resulting in the

aggregation index eigenvector (Al), as shown inld@&b23.

Table 5-23: Obtaining the aggregation index eigenegor

Average (A) A i Aggregation index (Al)
Feeling 1.00 1.67 3.00 3.83 5.00 9.89 18.72 0.48
Technical expertise 0.78 1.00 2.33 2.75 3.59 7.00 13.34 0.34
Mastery of | 0.51 0.56 1.00 1.45 1.96 3.83 7.25 0.18
Processes/workflows
(i) 39.31 1.00
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Based on the feeling (F), technical expertise @f)d mastery of processes and
workflows (M) indexes, the relative weights of eaebrker are calculated by Equation 5-1,
wherei represents each worker. Results are shown in table

Equation 5-1: Relative weights of workers\{V)

Wi= Z (FiXXiXMi)XAIi

i=1,.n

Table 5-24: Calculation of relative weights of worlrs

Feeling (F) Expertise (X) Mastery (M) Aggregatiorindex (Al) Weights (W)
Worker 1 0.68 0.22 0.09 0.48 0.41
Worker 2 0.26 0.44 0.45 0.34 0.36
Worket 3 0.0€ 0.3 0.4% 0.1¢ 0.23
3 1.00

Following, workers were asked to evaluate the irdatmportance of sub-criteria to
the formation of each main criterion (current aadi conditions, family social conditions,
and patient social conditions). This generatedyumrmalized eigenvectors for each sub-
criterion. Then, main criteria had been pairwiseapared generating the fuzzy normalized
eigenvector of relative importance of main criteffde evaluation of the importance of
family social conditions by the worker 1 and thepective normalized eigenvector can be
seen in Table 5-25.

Table 5-25: Pairwise evaluation of the importancefdamily social conditions by worker 1

Family Social Conditions (C1
Linguistic term Normalized
Worker 1 )
Cll | C1l2| C13| Ci14 eigenvectorise:
Sewerage (C1.1) El SMI  SMI| SMmI| (0.55,0.57, 0.55)
House conditions (C1.2) El MM]  MMI (0.16, 0.242@)
Income (C1.3) El EMI| (0.23,0.15, 0.15)
Government allowance (C1.4) El (0.05, 0.04, p.06
(1.00, 1.00, 1.00)

)
The operation was reproduced for each worker. oRatlg, the resulting

eigenvectors have been multiplied by the relatiegghts of respective workers, providing
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weighted eigenvectors. The average of weightedneigctors is normalized resulting in
the relative family conditions criteria eigenvecfos:) as shown in Table 5-26.

Table 5-26: Obtaining the family conditions sub-crieria weights eigenvector

Normalized eigenvector
Wi 0.41 0.36 0.23 Average
As1

Sewerage (C1.1) | (0.23,0.23,0.23)  (0.10, 0.124)0.1 (0.09, 0.09,0.09)| (0.14,0.15,0.15)  (0.42500146)

House conditions (0.07,0.10,0.10) | (0.08,0.09,0.10)  (0.03, 0@83) | (0.06,0.07,0.08)| (0.18,0.22, 0.23)
(C1.2)

Income (C1.3) (0.10,0.06,0.06)  (0.10, 0.08, 0.05)(0.09, 0.09, 0.09) |  (0.10, 0.08,0.07)  (0.29, 0®21)

Gov. Allowance| (0.02,0.02,0.03) | (0.08,0.06,0.06) (0.01,0MQ1) | (0.04,0.03,0.03)| (0.11,0.09, 0.10)
(Cl1.4)

> (1.00, 1.00, 1.00)

This procedure is reproduced to the other set tfcsitleria related to patient

individual social conditions, giving the resultsenstrated in Table 5-27.

Table 5-27: Obtaining the individual social conditons sub-criteria weights

Normalized
Wi 0.41 0.36 0.23 Average eigenvector
As2

Education (C2.1) (0.08,0.08,0.08)  (0.06, 0.{ (0.06, 0.07,| (0.07, 0.08,| (0.20,0.23, 0.25)
0.09) 0.0¢) 0.0¢)

Employment (C2.2) (0.06,0.08,0.09)  (0.05, 0.{ (0.07, 0.07,| (0.0, 0.07,| (0.18,0.21, 0.23)
0.07) 0.07) 0.08)

Family situation (C2.3) | (0.06,0.05,0.04)  (0.10, .1 | (0.01, 0.02,| (0.0, 0.05,| (0.17,0.16, 0.15)
0.09) 0.02) 0.05)

Referred ilinesses (0.05, 0.04,0.03) |  (0.06, 0.0§ (0.01, 0.01,| (0.04, 0.03,| (0.12, 0.10, 0.08)
(C2.4) 0.04) 0.01) 0.03)

Health group (C2.5) (0.05,0.04,0.03)  (0.05, 0. (0.02, 0.02,| (0.04, 0.03,| (0.11,0.10, 0.08)
0.09) 0.02) 0.03)

Age group (C2.6) (0.12,0.13,0.14)  (0.03, 0.{ (0.06, 0.05,| (0.07, 0.07,| (0.21,0.20, 0.21)
0.03) 0.04) 0.07)

y (1.00, 1.00, 1.00)

The current clinical conditions sub-criteria aréated to the color assigned to the
patient due to symptoms he presented. As it isenaatording to the Manchester triage
protocol, the relevance of colors is already defjrtus it's not necessary to capture the
opinions of workers (JATOBA, BELLASt al, 2014). Table 5-28 shows the calculation
of the normalized eigenvector for each color of tdanchester scale for patients’

symptoms.

Table 5-28: Obtaining the normalized eigenvector floeach color risk color

Lingustic term | Normalized
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Blue | Green | Yellow| Red| Black| eigenvectokss

Blue El MMI SMI VMI [ EMI (0.50, 0.£1, 0.46)
Green El MMI SMI | VMI (0.26, 0.27, 0.28)
Yellow El MMI | SMI |(0.13,0.13,0.14)
Red El MMI | (0.07,0.07,0.09)
Black El (0.04, 0.03, 0.03)
3 (1.00, 1.00, 1.00)

The next step is obtaining the relative weightshef main criteria. The procedure
to obtain these indexes is the same performed dxefdforkers made pairwise comparisons
of main criteria; matrixes are squared and norradlizsulting in the main criteria relative

weights eigenvector. Table 5-29 shows the evaloatiade by each Worker.

Table 5-29: Pairwise comparison of main criteria acording to Workers

Worker 1 Worker 2 Worker 3

Cl|Cc2|Cc3|Cc1|Cc2|Cc3|Cc1|C2| C3
Family conditions (C1) Ell Ell El El El El E|l El EI
Individual conditions (C2) El El El E E| MM
Current clinical conditions (C3) El El El

Converting linguistic terms in triangular fuzzy nbers, averaging, normalizing led
us to the normalized eigenvector for the relativgartance of the main criteriac as
shown in Table 5-30.

Table 5-30: Weighing main criteria

Normalized
Wi 0.414 0.357 0.229 Avarege eigenvector
hc

Family conditions (C1) (0.14, 0.14,(0.12, 0.12| (0.08, 0.07,| (0.11, 0.11,| (0.34,0.33,0.32)
0.14) 0.12, 0.06) 0.11)

Individual conditions (C2) (0.14, 0.14,(0.12, 0.12| (0.08, 0.11,| (0.11, 0.12,| (0.34,0.36,0.37)
0.14) 0.12, 0.11) 0.12)

Current clinical conditions (0.14, 0.14,| (0.12, 0.12| (0.06, 0.05,| (0.11, 0.10,| (0.32,0.31,0.32)
(C3) 0.14) 0.12, 0.06) 0.11)

D (1.00, 1.00, 1.00)

Finally, Equation 5-2 shows the risk of the pati@®), obtained by the sum of each
sub-criterion, multiplied by its relative weight)( and multiplied by the relative weight of

its main criterion Xc).
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Equation 5-2: Patient risk

k
Ry= )
i=1,.

(Sik X Agik) X Ack

1 n

5.3.6 Results

A total of 15 hours of fieldwork in a primary healtare facility in Rio de Janeiro,
Brazil has been conducted as shown in Table 5#8itial interviews with clinic managers
have been carried out in order to define initiabgadures like schedules, scope, and
contents of invitation letters. The field reseandis completed with a validation session of
two hours to present the process and its resudtsyedl as discuss future developments.

Two nurses and one manager participated in thdatsdin session.

Table 5-31: Fieldwork hours

Sessions| Duration| Total
Interviews with managef 4 1h30min 6h
Interviews with workers| 14 30 min 7h
Validation session 1 2h 2h
Total 15+F

Once presented to the three scenarios seen isex®.5.4, workers have been
asked to represent each patient's conditions usimguistic variables. These patient
conditions have been converted to triangular fuzaynbers and Equation 5-2 has been
applied to calculate the risk of patients for eaclnario as shown in Table 5-32. Graphic
representations of fuzzy numbers that representhtiee patients’ conditions are shown in

figures Figure 5-28, Figure 5-29, and Figure 5-30.

Table 5-32: Patients’ conditions and calculatiorfisrisks represented in fuzzy

numbers
Criteria Scenario 1 Scenario 2 Scenario 3
Sewerage (2.95,4.08,4.13) (0.42,0.45,0.46) (2.11, 34T3)
Income (1.23,1.95, 2.0€ | (0.18,0.65,1.1 | (0.18, 0.65, 1.1«
Family conditions
Gov. allowance (2.02,2.14,1.91) (2.02,2.14,1.91) (0.29, 0I7Q6)
House conditions | (0.11,0.28, 0.50) (0.80, 0.83,0.89)  (0.80, 0B89)
S (2.16,2.79,2.71) (1.17,1.35,1.39) (1.15, 12728)
Education (0.61,1.17,1.75) (0.61,1.17,1.75) (1.01, 1535)
Individual conditions
Employment (1.29,1.88,2.06) (1.29,1.88,2.06) (0.55, 11060)
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Family situation (0.17,0.48,0.75)  (0.51,0.81,1.05) (0.17, 0G185)
Referredillnesse: | (0.12,0.10, 0.0¢ | (0.12, 0.10, 0.0¢ | (0.12, 0.10, 0.0¢
Health group (0.34,0.48,0.58) (0.11,0.10,0.08) (0.56, 0G575)
Age group (0.63,1.01,1.46) (0.21,1.01,1.46) (1.48,1187)
>S (1.08,1.86,2.46) (0.97,1.84,2.3D) (1.33,22090)
Current clinical conditions (0.41,0.57,0.79) (0.08,0.24,0.44) (0.12, 0®@82)
Rei (3.64,5.22,5.96) (2.22,3.43,4.22) (2.60, 4989)
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Figure 5-28: Graphic representation of patient 1’sconditions

The dashed triangles in figures Figure 5-28, Figa29, and Figure 5-30 are the
calculated patient risks represented in a triangulzazy numbers. The areas occupied by
the dashed triangles represent their membershipggeinisks fuzzy sets, i.e. their potential
to each color of the risk scale. For example, we s=e in Figure 5-28 that the risk of the
first patient is positioned between the green,oyelland red fuzzy sets, but most of its area
occupies the yellow space, which means that, aouptd the approach we propose in this

paper, the patient should potentially be assighedisk yellow.
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Figure 5-29: Graphic representation of patient 2'sonditions
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Similarly, we see in Figure 5-29 the conditionstlué second patient, in which the
calculated risk occupies mostly the green fuzzy d@tonstrating the potential for the risk
green to this scenario. Furthermore, we see inr€igeB0 shows slightly bigger potential
for the color green rather than the color yellovithvittle potential for the color red in the

third scenario.
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Figure 5-30: Graphic representation of patient 3'sonditions

5.3.7 Discussion

When presented to the first scenario, 53% of iméeved workers stated that the
patient one should be assigned the color greere8BPb stated that the patient should be
assigned the color yellow. Moreover, 73% of intevwses stated that patient should not
receive the color blue and 46% stated that theepahould never be assigned the color
red. We can see in Figure 5-28 that accordingeégtibposed model the patient represented
in the first scenario holds membership among thers@reen, yellow and red, with highest
membership in the color yellow, followed by theaogreen, and slightly below, the color

red.

Furthermore, in the second scenario, 60% intervsvatated that the patient should
be assigned the color yellow and 33% the colorrgr88% Interviewees stated that in this
scenario the patient should not be assigned tlor bole, while 33% stated that the patient
should not receive the color red. In this case,see in Figure 5-29 that our approach
presents the patient conditions between the cgi@an and yellow, with higher — although
not much -membership for the color yellow, matchithg assessment suggested by
interviewees. However, the approach presentedisghgaper shows potential — although

very little — for the color blue in this scenario.
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Regarding the third scenario, 60% intervieweesedtahat the patient should be
assigned the color green, and 26% stated that d@tienp should be assigned yellow.
Furthermore, approximately 20% interviewees stdted the patient should receive the
color blue, although 60% stated that the color Islveuld not be assigned to the patient in
any ways, as well as the color red with 53%. InuFég5-30 we see that our approach puts
the patient's conditions among the colors green gabiow — similar to what the
interviewees suggested. However, it includes a {@symembership in the color red, and

no membership in the color blue.

We can see that despite minor differences the approve present in this paper
shows results that are similar to expert opinionsibst cases, as we can see in the areas
occupied by the dashed triangle in figures Figu@85Figure 5-29, and Figure 5-30. It's
important to highlight that half the interviewedatsd that the presented scenarios lacked
information for a more accurately risk assessméot.example, there was no information

about patients’ education status, which they carsidportant.

Also, some interviewees stated that other symptassvell as the time the patients
have been presenting such symptoms are importimtration which could not be seen in
the presented scenarios. Moreover, previous krdgeleabout the patient influences the
risk and it was not possible to reproduce thisuematn the scenarios. All those issues are
potential causes of some discrepancies betweessessments suggested by our approach

ant the opinion of workers.

It's also important to highlight that some intemwees stated that they didn’t take
the sewerage criteria into consideration while ssisg the risk of the patients in the
presented scenarios. They stated that the locatiothe primary healthcare facility is
known for having bad sewerage conditions, thushéyttook this into account, most
patients would get the color red. We can see uréig Figure 5-28, Figure 5-29, and Figure
5-30 that except for the third scenario — in witioh patient lives in represented as living in

a location with good sewerage conditions — thero@d has some membership.

Another point of discussion goes on who is respmasfor assessing patient’s

conditions. Primary care processes occur in@patiory and multidimensional ways, also
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having the patient himself responsibility for hiro health. Aspects of shared decision
making in the medical context, many of them emptiagithe patient-physician shared
participation in the medical decision making pracebould be take into account in those
cases (MOUMJID, GAFNIet al, 2007).

5.3.8 Conclusions

The patient risk assessment process in primarythoese is performed under
uncertainty and subjectivity, hampered by hazardensironment, workers’ dynamic
behaviour, and unpredictable patients’ conditiordporeover, workers in these
environments are highly affected by time pressdificult communication, and traffic of
ambiguous ant tacit information, among other isghes increase physical and cognitive
workload. In cases like this, traditional methods support decision making are not

suitable.

Thus, in this paper we explore the decision makimgpatient triage and risk
assessment in primary health care, providing asaetsupport model based on fuzzy logic
that encompasses health care workers’ practicespqmis, mental models, and decision
making in order to cope with uncertainty and im@®n of human evaluation of patients’

conditions.

Results of fieldwork carried out in a primary heatlare facility point out that the
proposed approach presents recommendations ofnggtiesks that match workers
suggestions in the presented trial scenarios. Sdis@epancies that appeared in some
cases might be resultant of the scenarios usethéoexperimentation and might be solved
with few adjustments in the proposed approach. Tansnteresting future work could be
the deepening of the analysis to enable the immhusf extra inputs, as well as the different

combinations of the existing criteria.

One limitation of this study is that the proposedzZly model makes the evaluation
of all criteria mandatory for all patients, althbugome cases could be seen during field
work that workers do not take into account all thréeria defined in the patient risk
assessment protocol. Therefore, another sugge$tiorfuture work is to enable the

exclusion of criterion according to the patient wéuoisk is being assessed.
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Other limitation regards the combination of criéeri According to some
interviewees, the relative importance of some gateight change due to combination of
criteria. For example, the health group might beremmnportant depending on house
conditions. Thus, it would be interesting to imptsrh such feature in the fuzzy model in

order to support this issue and provide more ctargisisk suggestions.

Moreover, we believe the approach we propose ia faper provides reliable
information about patients’ conditions, improvirigetdesign of decision support tools, and
enabling health care workers to perform the patisage in a more stable, standardized,

comfortable, and consistent way.
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5.4 Article 4: A Hierarchical Approach for Triage on Family Health Care

54.1 Foreword

This chapter presents an approach to support dacisaking in assigning of risk
rates for patients of spontaneous demands in taeilin Family Healthcare Strategy. This
approach was elaborated based on concepts of #ay Bet Theory and AHP - Analytical
Process Hierarchy and implemented in a PrimarytHeale Facility in the City of Rio de

Janeiro.

The proposed approach can be used as an additmriaio support the work of
healthcare professionals, providing further craeffor their decision making. It is
complementary to the latter paper, as it presem®a@el to support physical aspects of the

evaluation of patients’ conditions.

Citation information for this chapter’s resultingientific paper can be seen below:

Jatoba, A., Bellas, H.C., Vidal, M.C., de CarvallioV.R. A fuzzy AHP
approach for risk assessment on family health sasgegy. In: Vincent Duffy;Nancy
Lightner. (Org.). Advances in Human Aspects of Iltezdre. led.Danvers: AHFE
Conference © 2014, 2014, v. 3, p. 470-480

5.4.2 Introduction

The increasing computerization of work processethawit considering workers'
current information requirements produces gaps éetvworkers and the subjects of their
work, resulting in urgent decisions without priorowvledge about the variables involved in
the problem, and without adequate time for planramgl selecting options. Thus, the

adoption of assistive devices inevitably transfothesway people work.

If one considers the use of Information and Commation Technologies (ICTs),
these devices may also entail the emergence ofpossaibilities of action and hence new

types of process failures. These new possibilfbesction increase the number of feasible
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variations in the process, making the system momptex, increasing the probability of
new types of imperceptible faults. Such a fact ogcespecially because in complex
systems work is mostly underspecified, so operatorake use of adaptations,
improvisations, and creativity in tasks performarioemost cases these adaptations lead to
expected results, but sometimes the results ofr thembination are unpredictable
(WOODS e HOLLNAGEL, 2006).

Thus, the approach proposed in this work is inspiom Primary Healthcare
Facilities (PHF) that perform the Family Healthc&teategy in the City of Rio de Janeiro.
Work in these environments has essential charatitsri of complex socio-technical
systems, like strong presence of variability anapaability, and freedom in arrangement of

work by professionals, in addition to cooperatiom{ in performing activities.

In this paper we suggest an approach to provide imputs to the Risk Assessment
Process in primary health care. We use of conceptfuzzy Logic and Analytical
Hierarchy Process (AHP) to contribute to the stagidation of this process, in order to
minimize discrepancies on evaluations of patiesk between teams, improving the quality

of decision.

5.4.3 Motivation

The Brazilian Constitution states that the Govemnimieas the duty to ensure
"universal and equal access to healthcare servimedts promotion, protection and
recovery," adding "comprehensive care, with prjogiven to preventive activities, without
prejudice to assistance services." If we considat fast part of the text, when it comes to
"priority to preventive activities without prejudigy care services", the role of the Family
Healthcare Strategy (FHS) as part of the healthraraework proposed by the Brazilian

Unified Healthcare System (SUS) becomes clear.

On Primary Healthcare Facilities (PHF) that perfofflS, work should be
characterized in preventive care and thus presegtsat distinction to Emergency Care. In
PHFs, consultations must be scheduled. Howeves,ishnot what actually happens. On
data extracted from the computerized system useth@®HF where this work has been

performed, analyzing 2,800 consultations in Noven@84 3, 53% of the nursing care visits
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are spontaneous statements, i.e., those in whicpdtient comes to the facility without an
appointment, complaining of some symptoms, likenmaifever, for example. In the case of
medical care visits, this proportion rises to 76.&ly in dental care visits that number is
below half, and still reaches 23.4%.

Such information highlights the mischaracterizatdnhe service provided by FHS,
which departs from its fundamental principles oéltie promotion and disease prevention.
It is also worth mentioning that patients in emexgesituations undergo a process entitled
"Risk Assessment" in which its severity is assessetithe decision to provide care or not
is made. This article suggests a way to improve phocess, increasing its stability, helping
to standardize it and thus improving the accuratyases referred from spontaneous

statements.

Developing devices to support work in complex systeespecially when it comes
to collaborative team work, requires deep undedstan of how people work, their
principles, their shared processes and strate@ésen the set of decisions taken by
professionals in the performance of their actigitithe complexity of the system in which
their work is performed, which involves, literalljfe and death of people - the approach
presented in this article can bring important dbotions to the improvement of work

conditions, providing more inputs to decision makin

54.4 Results

Risk assessment is a dynamic process for the faertiton of patients who require
immediate treatment, according to their potentsl, health problems or degree of distress,
giving priority to care according to the clinicawerity of the patient, and not to the order
of arrival at the facility. The evaluation of rigkid vulnerability cannot be considered sole

prerogative of healthcare professionals.

Moreover, patients and their social network shoalso be considered in this
process. Assessing risk and vulnerability involbesng aware of patient’'s both physical
and mental suffering degree. For example, the wer comes walking without visible
signs of physical problems, but very distressedjhtnbe a priority, with a higher degree of

risk and vulnerability than other patients withilbie symptoms. It is also important to
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emphasize that on the assessments made in healtivcak, professionals of different
levels of experience and different fields of adyivieed to solve problems of various levels
of complexity. Also, according to the developmehsich expertise, practitioners are more
dependent upon clinical experience, which is im ependent on the analogy between the
cases that have occurred (PATEL, KAUFFMAN e AROCRAD2).

Evaluating the behaviour of a complex system thinoexgpert opinion and a basic
set of attributes means representing the procedsms$ion-making. It depends on several
factors, like selecting among available alternaiv@/hereas the reliability analysis is
constantly undetermined by the unpredictable behawof operators in complex systems -
like public healthcare system - the probabilispp@ach is not the most appropriate one
for solving such problems.

Moreover, making decisions is an essential andyrateart of medical and nursing
practice, as health care workers express cliniddment about the patient care by intuition
and reflection, based upon professional knowledge skills (MANCHESTER TRIAGE
GROUP, 2005).

In order to understand how work is carried out e PHF, Ergonomic Work
Analysis (VIDAL, 2008) has been performed, in whiphofessionals involved in risk
assessment were observed and interviewed at tloekplace. The field study was done in
a PHF that performs FHS in Rio de Janeiro. A surv@g conducted through semi-
structured interviews with 10 professionals engaigethe risk assessment process in the
PHF. During these interviews, professionals shofittm a set of symptoms indicated in
the Reception Booklet of the Brazilian Ministry Biealth (MINISTERIO DA SAUDE,
2004), point which color should be assigned to egohptom if a patient attended the PHF.

Professionals were asked to assign a degree oframpe for symptoms, starting

from most important to least important, within tedor scale that determines the risk rates.

5.4.4.1 Reception with Risk Assessment on Family HealthSaetegy
Reception is considered the gateway that patiesgste access the set of services
provided by Family Healthcare Strategy. It is agess of human relations done by all

healthcare workers in all sectors of care, not eabeiving, but performing a sequence of
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attitudes and modes that make healthcare, listeoitige needs of the patient (SILVEIRA,
FELIX, et al, 2004).

In summary, the result of a complete flow of regaptmeans fulfilling a care
agenda to the patient. Along the way, various headte activities are carried out. Because
of that, the Reception is the key process of thmilyaHealth Strategy.

The definition of levels of risk of patients follewa protocol in which colors are
assigned to patients according to the severithaf symptoms, similar to Manchester Risk
Rating Scale (MANCHESTER TRIAGE GROUP, 2005). Fei831 shows the hierarchy
of risk assessment used in PHF this work was achaug and their respective outputs.

Risk Assessment

Y ellow Green
Send to D LowPrioity | Send to Mursery o
Emeargency Assisiance . Assistance or : Scheduls
Facility Schiedule :

Figure 5-31: Risk Assessment Hierarchy

The same risk assessment scoring system is sudgésteall the healthcare
framework of SUS, not only for Family Healthcardnefefore, Roncato, Roxo, & Benites
(2012) suggest a set of criteria / symptoms thhemnoticed, are related to each color of a
family healthcare specific scale. This set of cidé symptoms suggested by the authors

was presented to the professionals working in tHe.P

Then, workers could suggest the inclusion and/atusion of symptoms as well as
the correlation of symptoms with colors, accordingthe reality of the population they

assist at the PHF, resulting in the set of critarid respective colors shown in Table 5-33

During the fieldwork, there were no significant ications for symptoms to the
Red color scale. Patients receive a Red rating vihey have severe symptoms and need

emergency care and are therefore referred to thestetEmergency Facility.
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Table 5-33: Symptoms and Respective Risk Rating. fmHg - mm Hg, mg / dL - milligram per deciliter)

Yellow

Green

Blue

Asthmatic crisis;

diarrhea with signs of dehydration;

Vomiting;

or fever;
Chest pain (> 2 hours)
Fever (39 ° c);

Pregnant women: pain in
abdomen, loss of vaginal fluid;

HGT> 300mg/dl or <50mg/dl;

Criteria / Symptoms

Symptomatic Hypertension:
150/100 mmHg with headache vomitin

Blood pressure <80/40 mmHg.

Acute abdominal pain, nausea or Acy

Low back pain with urinary symptom|

lowe

BP

P>

)

téMenstrual Cramp;

5

rof vital signs;

Diaper rash in babies;

Constipation;
Chronic pain recently worsened;
Ear pain;

Headache or dizziness, without alteration
vital signs;

Loss of appetite in children without chang

Red eye with conjunctival irritation;
Blood pressure> 170/100 mmHg;
;Prostration in children;

Urinary symptoms;

Suspected pediculosis;

Suspected chickenpox;

Cough, nasal congestion, runny nose
fever <38.5°C;

q

Vertigo.

0fham 15 days;

Attestations and awards;

Menstrual delay (more than 3
days);

Menstrual delay (less than 30 days
Routing-references;

Problems or complaints for mol

ePrescription refills;

Request and / or return of exams.

Some testimonies made during interviews:

anyway, as he may have other symptoms".

At the PHF this study was conducted, risk ratingpésformed by a team of two

"Of the symptoms that you listed as Red, most eingadly Yellow for us";

~

"Sometimes a patient appears with symptoms of a, Rat is assisted

people, on rosters - each day of the week the temsrdifferent formations. These teams

interact freely with other professionals during fregformance of their tasks, either to ask

guestions or to obtain new information that mayrdédevant for the assignment of patient

risk.

Although the color system is used by all teamshdaam applies the criteria its

own way, making this process unstable. During wnésvs, it was possible to identify the

need for standardization of this process, as caebr in some testimonies:
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* "The Risk Assessment process is the subject ofjtbatest suffering in our
practice";

* "When the patient is assisted by the nurse who tleegating herself, many
times she/he does not assign any color”;

» "Sometimes | forget to assign color and just askispatient”;

* "Sometimes we receive a patient complaining ofrapggm and we are not
warned that it is not a first application but auratto the clinic.”

5.4.4.2 Scenario
To illustrate the application of the approach st in this article, we present the
results obtained in the case of a patient - a chikl welcomed at PHF complaining of

abdominal pain.

Once received by the community health care agémthis booth - that verifies that
no appointment is scheduled, the patient is foreeto the risk assessment team.

A preliminary evaluation performed by the nurseadetd four symptoms

« Problems or complaints for more than 15 days;
« Depletion in children;

« Acute diarrhea with signs of dehydration;

« Inadequate breathing.

5.4.4.3 Assigning Degrees of Risk through Fuzzy Logic adg A
The set of alternatives and output options is #rer of decision-making. In the
construction of a decision framework, we first need organize the elements into

hierarchically arranged groups according to thi#gats and influence on the context.

In this study, we used the Fuzzy Sets Theory (ZADHEB65) applied to the
framework provided by AHP (SAATY, 1977), to bringg approach further the context of
imprecision that involves decision making in thenpbex health care system in which the
Family Healthcare Strategy is included.

In the case shown in this work, for each degreestfrepresented by a color, there
are a number of criteria. The importance of onercah relation to another is already

determined - for example, the Yellow rating is lessical than Red - and thus the criteria
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for each color were not compared with criteria atle degree of risk. The relevance of a
criterion at a given level of risk can be demortstidby means of the Fuzzy Sets Theory, as

shown in Figure 2.

0 ' 1 >
Figure 2: Relevance of Criteria / Symptoms to Deges of Risk

Table 5-34 presents a matrix for all four critesyaptoms used in this case study.
The matrix shows the importance of criteria/symmprmone compared the others, as
determined by the risk assessment model. The sesuét used in the next steps for

obtaining the cumulative rank in relation to outpptions.

Table 5-34: Pairwise matrix of assessment criteria.

Blue Risk | Green Risk| Yellow Risk | Red Risk
Blue Risk 1/1 1/2 1/3 Ya
Green Risk | 2/1 1/1 1/2 1/3
Yellow Risk | 3/1 211 11 1/2
Red Risk 4/1 3/1 2/1 1/1

Further, we obtain a ranking of priorities from tpairwise matrix. For this,
fractions are converted to decimal numbers. Folgwiwe square and normalize the

matrix, resulting in the prioritization vector shown Table 5-35.

Table 5-35: Obtaining de prioritization vector

i 0]
4.0000 | 2.4167| 1.41670.8750|8.7083 | 0.0793

6.8333 | 4.0000| 4.00002.5000| 17.3333 | 0.1579

12.0000] 7.0000 | 5.50003.4167| 27.9167 | 0.254
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‘ 30.0000‘ 13.0000‘ 7.8333| 5.0000{ 55.8333 | 0.508f1

(@) |109.791 | 1.000¢

The prioritization vector indicates that the higheslue of the normalization is the
most important criteria/symptom, and so on. Howgetlds order has no surprises, as the
patient has a criterion/symptom of each rating twedmportance of each color is given by
the scale used in the PHF. However, the index obthi- iE(i) - is important to calculate

the cumulative prioritization of outputs.

Criteria/symptoms are now compared with output@ysi(decisions). The possible
outputs in the case study are the degrees of thiped Risk Assessment Scale Risk: Red,
Yellow, Green and Blue. Opinions of healthcare essfonals, expressed in natural

language, are taken to relate criteria to outptibop.

The criteria are not expressed in exact terms tlamsl the evaluation of a symptom
may have greater relevance to a given degree kfimsome cases when compared to

others.

Thus, professionals were given the opportunity $eeas the relevance of each
symptom in relation to the risk degree. Accordingts incidence, the suitability of each
color to a symptom was established. Table 5-3&tilfues this situation, the opinion of
professionals for the symptom "prostration in ctald, ie, among the respondents, there
were twice as many Green assignments than Yellowhfe symptom. The columns with O
(zero) mean that no professionals have indicated rédated colors for the assessed

symptom.

Table 5-36: Evaluation of the symptom "prostrationin children" by professionals

Prostration in children
Blue Green Yellow Red
Blue 0 0 0 0
Green 0 1/1 2/1 0
Yellow 0 1/2 1/1 0
Red 0 0 0 0
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The same operation used to generate the priordizatector should be repeated,
creating pairwise matrices for each criteria/symptas can be seen in Tables Table
5-36Table 5-40.

Table 5-37: Prioritization for "Problems or complaints..."

Problems or complaints on more than 15 days
i iy (i)
2.0000| 0.6667| 0.0000 | 0.0000 2.6667| 0.1600

6.0000| 2.0000{ 0.0000 | 0.0000 8.0000| 0.4800

3.000C | 0.000C | 0.0 0C | 0.000C | 3.000( | 0.180C

3.0000{ 0.0000| 0.0000 | 0.0000 3.0000| 0.1800

(@) |16.666 1.0000

Table 5-38: Prioritization for "Prostration..."

Prostration in children

i i)
0.0000| 0.0000| 0.0000 | 0.000| 0.000p0.0000

0.0000{ 2.0000] 4.00 0| 0.0000| 6.0000| 0.6316

0.0000{ 1.0000| 2.0000 | 0.0000 3.0000| 0.3158

0.0000{ 0.5000| 0. 000 0.0000] 0.5000| 0.0526

(@) | 9.500¢ ] 1.000¢C

Just as the prioritization index has been obtafnad the pairwise matrix of output
options on Table 5-34, to assess the relevanceadi symptom in relation to output
options, the fractions are converted to decimal lmens and, by squaring the matrix and
normalizing column sums, prioritization vectors &ach criterion / symptoms presented by
the patient are obtained.

Table 5-39: Prioritization for "Diarrhea..."

Acute diarrhea with signs of dehydratior
i iI>(i)
0.0000| 0.0000| 0.0000| 0.0000| 0.0000 | 0.000(¢

0.0000] 2.0000{ 0.6667| 0.0000| 2.6667 | 0.1951

0.0000] 6.0000( 2.0000| 0.0000| 8.0000 | 0.5854

0.0000| 3.0000{ 0.0000| 0.0000| 3.0000 | 0.219j

() | 136667 | 1.000C
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Table 5-40: Prioritization for "Inadequate Breathing"

Inadequate Breathinc

i i)

0.0000

0.0000

0.0000

0.0000

0.0000{ 0.0000

0.0000

0.0000

0.0000

0.0000

0.0000]{ 0.0000

0.0000

0.0000

0.0000

0.0000

0.0000]| 0.0000

0.0000

0.0000

0.0000

1.0000

1.0000] 1.0000

2(1)

1.000C | 1.000c

Using the values of the prioritization vectors, tiplying matrices by the ranking,

we obtain the cumulative ranking of output optiori&ble 5-41 shows the results of such

0%

15%

20%

57%

operations:
Table 5-41: Cumulative ranking of output options
Criteria/Symptoms
Probl./Compl. | Prostration... | Diarrhea... | Inadeq. Breath.
Ranking (Rf=Pc*i)
i 0.079¢ 0.157¢ 0.254: 0.508¢ %
Blue 0.1600 0.0000 0.0000 0.0000 0.0127
Green | 0.4800 0.6316 0.1951 0.0000 0.1874
‘g Yellow | 0.1800 0.3158 0.5854 0.0000 0.2130
g Red 0.1800 0.0526 0.2195 1.0000 0.5869
Y(Rf) 1,0000

The cumulative prioritization described in Tablelb-demonstrates that according

to the combination of criteria/symptoms, the pétiess 57% chance of “being” Red, 20%

chance of Yellow and a 15% chance of having Grégn These results are illustrated

graphically in Figure 5-32.
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Figure 5-32: Suggested allocation of the patientdegree of Risk

The suggested approach shows the use of an infereechanism that may be implemented in

information technologies, and fit as an additidnplt for decision-making in the complex healthcgystem.

5.4.5 Conclusionsand Further Work
Health care facilities are characterized by a paxagust as work features a lot of
repetition, there is enormous variability, as thecwrences always have different

characteristics. The sort of problem to be handlesty day is unpredictable.

These factors point out the great cognitive effioaide by health care workers while
carrying out their activities, increased by the artpnce of the decisions made in health

care environments.

Thus, this paper presents an approach to provitta éputs to support decision-
making in a major process on Brazilian Family Hezdre Strategy — the Risk Assessment
process. We took advantage of concepts of the Fi&=tg Theory to establish the
membership of criteria/symptoms on each degreerskascale, and AHP to prioritize the
options according to the symptoms seen in patiéMish such extra inputs, the risk
assessment on Family Healthcare Strategy mightnpeoved and standardized, as well as

be supported by information.

Furthermore, it is important to highlight that thpproach presented in this article
was not used to define the order of patient engesihealth care facility, which might be an

interesting future work. Also, the development ot@mputerized system to assist risk
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assessment using the inference mechanism showisipéaper - and its proper trial - is also

an good suggestion for further research.

Thus, healthcare professionals involved in thisdkaf work can carry out their
activities more comfortable and confident, andadeser to the essentials of health care: to

provide health care services that meet the neepsayle.
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6 Discussion

In this chapter, we present a discussion on tha#rfgs of this thesis, as a summary
of the discussions presented in the results chaptdsle 6-1 shows a summary of the

research effort in order to address the researebtipuns presented in this thesis.

Table 6-1: Summary of the research effort

Research question Research effort
Literature review 80h
1 38h
2 142h
3 30h
Total 290h

Furthermore, we enlist the core findings of thissils:

» Ergonomics provides important features to goodgiefr complex systems
like health care. The employment of EWA in patigigge in primary health
care shows useful in indicating points of tensiord apportunities for
intervention;

» Ergonomics and human factors concepts are ablatianee requirements
specifications for information technology in complsystems like health
care. Traditional software engineering approaches pwor for complex
systems, and ergonomics and human factors is usefeldd important
information for software design;

* Fuzzy Hierarchical models are useful to supportltheesare workers in
making decisions about patients’ risks, althougjoalhms must be used as
a way of enhancing patient information and provide means for better

human decision making in patient triage.

First, we tried to demonstrate the contributionamfergonomics approach to design
for complex sociotechnical systems. Complex systékeshealth care are tensioned by

high information requirements, therefore, contexfioimation effects decision-making
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significantly, which makes it difficult to desigithus, we used EWA as an approach to
design for patient triage in a health care facilismd EWA has shown promising in

highlighting contextual and environmental aspectgsaople’s work.

Our study has shown that the EWA was an effectiethod to identify redesign
elements, elements in work situations that causen @ discomfort for workers, and
delimiting the boundaries of the intervention, ,i.garts of the work that need
transformation or support. The results of the EWAvled descriptions of interactions
between the elements of the system as a wholeouimmg comprehension of the domain
and the gathering of knowledge from domain experts.

We also present in this thesis points for discussio the influence of information
technology support in complex systems like headitecNotably, design flaws in health
information technology increase cognitive work, anpworkflows, and patient harm. We
believe that ergonomics can improve the designechriological support for complex
systems by enhancing the description of softwagairements.

Our study shows that, as complexity hampers therigt®n of sociotechnical
systems, comprehension of people’s activities igsallg poor — not only by systems
designers, but by workers themselves. Thus, weeWlithat the indication of high-
demanding work situations should be the first $tejpe taken in order to highlight the right
candidates to technological support. Then, with tight candidates pointed out,
ergonomics and human factors concepts and tooly,afgpenhance the descriptions of
software specifications.

However, our study has shown that classical wovkfinanagement systems work
better for structured processes rather than complgxamic, and unpredictable systems
like health care, although they have been usefdlesxribe the boundaries of the process,
enabling deeper analysis. One of the limitationsoof study is that the results of the
proposed method were not compared with the resilteegular software engineering
techniques.

Finally, we present discussions on the employmémizzy hierarchical models to
support decision making on patient triage. Sindgeparisk assessment in the health care
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facilities that participated our study take intacaant social and biological aspects, two
studies have been carried out to approach trisagertes.

Our studies demonstrate that the models suggestsdnd results that are similar to
expert opinions in most cases, although some i@pes have stated that the presented
scenarios lacked information for a more accuratekassessment and, thus, more accurate
expert opinion for comparison. Moreover, informatisuch as previous knowledge about
the patient influences the risk, and it was notspgme to reproduce this feature in the
scenarios. Anyway, discrepancies between the amsets suggested by our approach and

expert opinions are taken into account in our asigly

The core finding of these studies is that fuzzy etedlo apply for triage support in
primary health care. However, according to theltesaf our studies, the triage process is
“too human” to be completely taken by any kind afmputer algorithm, therefore,
computer support in such decision processes musedtected to providing enhanced

information to human workers that can, thus, de@déhemselves.

We conclude in this thesis that understanding —laagely as possible — is
mandatory for an adequate design for any kind efesys, from the simpler to the more
complex ones. Lack of knowledge about the systemh laow its components relate
inevitably entails failures in the design, no matile one is designing support tools,

improved work processes, technological devices, etc

Many factors — such as variability, unpredictapjliemergence, and large sets of
interconnected variables - challenge the gathesfrigformation and building descriptions
of complex systems. In these cases, good desifpstisred not simply by understanding
how workers behave, but by understanding what gedipink while performing their

activities.
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7 Conclusions and Further Work

In this chapter, we present some conclusions, iditiad to the conclusions
presented by each paper in the results chapteml¥derecommend future work that might
be useful to enforce the hypotheses that emerge the research problem we present in

this thesis.

First of all, we highlight the contributions of shithesis for Systems Design
Engineering (Production Engineering in some coasjrand Science. The elaboration of
this study pointed out the ways cognitive engimegnnight entail the development of

technology to support work in health care, imprgwwork situations in patient triage.

We performed a detailed study of work performaneang ergonomics concepts
and tools, and suggest the use of additional cascepch as CWA, requirements
engineering, and fuzzy logic to design and buiktht®wlogical support to patient triage and
risk assessment. Results were obtained and analysddhey can foster future research in
this field.

Innovation in this thesis relies on the combinatdrlifferent approaches for work
analysis, as well presenting a brand new fuzzy inéalethe assessment of patients’
conditions and prioritization, enabling the constion of computerized devices to support

decision-making in health care environments.

Since this thesis develops in the context of thezBian health care system, one of
the major expectations is that its results mighétmployed in benefit of practical problems
faced by the SUS and, especially, the Brazilian ikarHealthcare Strategy. Social
construction built to develop this thesis is larged involves players in both the Group of
Ergonomics and New Technologies (GENTE) at the F@déniversity of Rio de Janeiro
and in the Coordination of the Family Health Catextegy in the Municipality of Rio de

Janeiro.

This engagement has worked not only in order tdlenthe development of this
thesis, but continues working for the transferraicdknowledge between parts and making
the findings of this work useful to the work at tB&S. While we complete this thesis,
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results of its development is under experimentasipa family health care facility, and the
results obtained will be useful to improve the @atitriage and risk assessment process in

such work environments.

Moreover, from an academic point of view, during development, this thesis
produced an amount of five scientific papers, &lthem either published or submitted.
Thus, we believe that the research effort empldgedrite this thesis produces results for

both academia and industry.

Anyway, this work is limited by the reach of theliwork and by time constraints.
To which relates to the reach of fieldwork, Breamilifamily health care involves work in
clinics and patients residences. Due to social tcainss like urban violence, lack of
authorization by authorities, among other aspagéscould not visit all the communities
assisted by the health care facilities that pgudited this thesis.

The major limitation caused by time constraintsated to the lack of results of
experimentation when trying to approach what migatan interesting related research
qguestion for future work, i.e. “How do software arfaces influence work in patient
triage?”. This question is being explored as thesis is completed, and we are performing

an experiment to assess the implications of CWAHEIto approach it.

We also recommend future work to compare the agprege suggest for software
requirements specifications to some traditional tvemfe engineering approaches.
Presenting the results to software engineers -cafidct their opinions - might be useful
future work, since this could entail more compams@nd find specific gaps in software
analysis that could be fulfilled by ergonomics dmuoian factors. Our results point out that
the requirements engineering process could benefit the concepts, tools, and techniques
suggested in this thesis, helping information systdo not only meet their technical
requirements, but also to deliver anticipated suppor real work in complex

organizations.

To which relates to the application of EWA to hight a set of problems in the risk
assessment process, we recommend further workmotle specific cognitive engineering

techniques, employed to deepen the analysis amtlpeomore detailed work descriptions,
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as decision making in such settings is difficulneOof our underway studies somehow,
accomplishes this - when we employed CWA and EIDthe patient triage process.
However, in this study, our focus was on assesfiegimpacts how patient information

displays on work performance, rather than findingogems.

Moreover, while proposing fuzzy models to suppa@tignt triage, we recommend
as future work the deepening of the analysis tdlenthe inclusion of extra inputs and
different combinations of criteria for the evalwatiof patient conditions, as workers use

criteria differently according to some sort of cangtions.

The fuzzy model we propose in our study makes gmessment of all criteria
mandatory, which represents a limitation, as inecases workers do not take into account
all the criteria to define the patient's risk. Tafre, we recommend the exclusion of

criterion according to the patient whose risk urasessment, as further work.
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